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This report is published in two volumes. Volume I presents 
the findings in six sections plus an executive summary: 


I. INTRODUCTION 
II. APPROACH 
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IV. NAVIGATION SYSTEM CHARACTERIZATION 
V. IMPLEMENTATION SCENARIOS 
VI. RESULTS 


Volume II contains appendices with supporting data and method- 
ology descriptions as follows: 


APPENDIX A: FAA AND USER COST ESTIMATION METHODOLOGY 


APPENDIX B: DEVELOPMENT OF RAANS NAVIGATION SYSTEM AND 
AVIONICS COSTS 
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RNAV 
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SCI (Vt) 
S/N 
TACAN 
VLF 


*VOR 
®VORTAC 


NOMENCLATURE 


Automatic Direction Finder 

Coastal Confluence Zone 

Continental United States 

Contracting Officer's Technical Representative 
Distance Measuring Equipment 

Department of Defense 

Federal Aviation Administration 

General Aviation 

International Civil Aviation Organization 
Inertial Navigation System 

Avionics Lifetime in Years 

Low Frequency 

Not Applicable 

National Airspace System 

Navigation System Evaluator (Life Cycle Cost Model) 
Operating and Maintenance 

Office of Management and Budget 

Research and Development ° 


Requirements Analysis of Air Navigation Systems (i.e., 
the study described in this report) 


Area Navigation 

RAANS Support Team 

Systems Control, Inc. (Vt) 
Signal to Noise 

Tactical Air Navigation 

Very Low Frequency 

VHF Omnidirectional Radio Range 
VOR Co-located with a TACAN 


R aaa ; 
For the purpose of this report, no distinction is made after Sec- 


tion 1.1.2 between VOR/DME and VORTAC. 
ground equipment is meant to include all VOR/DME and VORTAC facili- 


ties present in the NAS. 
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APPENDIX A 
FAA AND USER COST ESTIMATION METHODOLOGY 


In addition to an overview, this appendix presents detailed 
descriptions of the significant elements comprising the RAANS 
approach (summarized in Section II of Volume I) used to quantify 
FAA and NAS user costs. Elements of the FAA costing methodology 
include data base development, implementation scenario inputs, 
major processing elements and output options. Description of the 
NAS user cost quantification procedure includes user group defini- 
tion and fleet forecasts, navigation avionics age distribution and 
lifetime estimates, accelerated avionics retrofit rates, avionics 
purchase rate logic, production base related cost reductions and 
technology improvement related cost reductions. 


A.1 FAA COSTS 


Elements of the FAA cost derivation procedure are displayed 
in Figure A.1. The anticipated costs to the navigation system 
operators (both FAA and non-FAA agencies) must be derived in a man- 
ner that permits differentiating between the alternative systems and 
the associated implementation scenarios that this study addresses. 


The spectrum of potential FAA implementation alternatives 


can be characterized by the following factors (variables): 


(1) available or potentially available navigation system 
alternatives, 


(2) geographical (airspace) regions wherein they are imple- 
mented, and 


(3) implementation timing and years of operation. 


The six basic systems considered within this study, which 
either currently supply or may potentially supply primary 
(enroute) navigation capabilities are: 
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Figure A.1 Elements of FAA Cost Derivation Procedure 


(1) VOR (VORTAC, VOR/DME) 
(2) Self-contained (INS, Doppler Radar) 


(3) Omega 
(4) Differential Omega 
| (5) Loran-C 
| (6) Global Positioning System (GPS) 


For the purpose of this study, the geographical (airspace) 
regions have been classified as follows: 


(1) CONUS 

(2) Alaska 

(3) Oceanic 

(4) Conus Off-shore 
(5) Alaska Off-shore 


This particular geographical subdivision was adopted in order to 
account for the possibility that different navigation systems 
could be implemented in different regions at different times. 


Although not all navigation systems are capable of satisfy- 
ing the user navigation requirements in all of the regions, there 


are nonetheless many potentially viable implementation alterna- 
tives. 


A.1.1 Government Implementation and Operating Cost Data Base 


Structure 


To permit derivation of operating region sensitive costs, the 
data base has been structured as shown in Figure A.2. The four 
quadrants of this matrix encompass: (I) non-FAA implementation 
costs, (II) FAA implementation costs, (III) FAA annual recurring 
costs, and (IV) non-FAA annual recurring costs. Non-FAA implemen- 
tation costs represent those future, i.e., additional, costs re- 
quired to bring a given system(s) up to an operational state that 
are expected to be borne by operating organizations/agencies other 
than the FAA. FAA implementation costs cover anticipated FAA 
costs to bring a given system(s) to an operational state.* FAA 
and non-FAA annual recurring costs generally refer to the expected 
yearly costs required to keep a given navigation system in an 
operational state which will be incurred by the FAA or operating 
organizations/agencies other than the FAA, respectively. 


The data base is further subdivided as follows: 


(1) by navigation system (indicated by the circled numbers 
in Figure A.2), 


(2) by operating region, and 
(3) by cost category. 


Space is allocated for six systems; nominally corresponding to 
each of the six systems previously mentioned. For processing pur- 
poses, six "regions" are considered. Five of these correspond 

; to the operating regions previously listed. The sixth refers to 
"fixed" or "region-independent" costs. This cost component is 
intended to reflect basic FAA “overhead" costs which are incurred 
when a system is implemented. The costs associated with the other 
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Figure A.2 Navigation System Operator Anticipated Cost Matrix 
(1977 Dollars) 


4 


five (actual) regions are designed to be "region-incremental" 

costs; i.e., the costs over and above the fixed costs associated 
with implementing a given system in any region. Subdividing the 
costs in this manner was necessary in order to preclude the pos- 
sibility of counting the region indepenent costs more than once. 


FAA costs are broken down into the following cost categories: 


Implementation Costs 


(1) Hardware 
(2) R&D 

(3) Training 
(4) Unassigned 


Annual Recurring Costs 


(1) O&M 

(2) Spares 
(3) State 
(4) Charts 
(5) Other 


(6) Unassigned 


This type of cost categorization was incorporated into the method- 
ology to provide the option of applying technology improvement 
cost reduction factors to hardware and spares or different infla- 
tion rates to equipment and/or labor intensive categories. In 
addition, these cost categories were selected to permit reconcil- 
iation and comparison of the model results with FAA budgets 

and the results of other studies. The "unassigned" category is 
used to accommodate those costs which could not be broken out 

into one or more of the other categories. These implementation 
costs are assumed to be the total implementation related costs 
over the entire implementation period. Annual distribution of these 
totals is determined as part of the implementation scenario input. 
The recurring costs are constant annual values (in 1977 dollars). 


Costs are also divided into FAA and non-FAA costs. The non- 
FAA costs are those costs that are yet to be incurred by the non-FAA 
operators of a given navigation system (i.e., DOD for GPS) in- 
dependent of whether or not the navigation system in question 


is adopted as a civil air navigation system. The FAA costs 
represent those incremental costs required to upgrade or modify 
alternative systems or supply those services necessary to cause 
that system to satisfy the civil air navigation requirements. 
Costs of the current VOR system are borne solely by the FAA. 
Generally, only the FAA costs are processed. However, the imple- 
mentation scenario can be used to specify what percent of the 
non-FAA costs are to be considered (i.e., incurred by the FAA). 
This permits processing of scenarios wherein the FAA shares the 
costs of non-FAA systems. 


A.1.2 FAA Cost Related Implementation Scenario Inputs 


Implementation scenario input regarding the FAA processing 
can be divided into three sections. These are: 


(1) input designed to modify the nominal cost data base, 
(2) input for system selection and schedule definition, and 
(3) input to specify granularity of desired output. 


The implementation scenario input may be used to alter any 
or all of nominal data base values (even system names, in the 
event that systems other than those prestored are to be considered) 
and may select any or all of the available output options. 


The input to select the alternative systems and schedule 
their implementation and transition periods is the basic input, 
affecting both the FAA and user cost results. This input consists 


of the following: 


(1) For each system ever implemented or operational within 
the scenario, the rate of expenditure for the fixed 
implementation costs must be specified. This is accomp- 
lished by specifying the first and last years of imple- 
mentation. A uniform rate of expense can be invoked 
by so indicating. Alternatively, any other rate of 
expense can be input by specifying a sequence of digits 
indicating the per cent of total expense spent in each 
implementation year. The implementation rates can be 
the same for each of the four implementation cost cate- 
gories, or they may be individually defined. 


(2) 


(3) 


(4) 


For each system/region combination, the rate of imple- 
mentation must be defined, exactly as for the fixed 
costs. Implementation timing need not be the same. 
The years of operation must also be specified. 


Discount, technology and inflation rates. A discount 
rate (applied to present value computations) and infla- 
tion rate (a constant per cent value applied annually 

to all costs) and six technology rates must be specified. 
The six technology rates, one for each type of naviga- 
tion system, are applied annually, just as the inflation 
rate, but only to hardware/spares expenses. Nominally 
these navigation system (as opposed to avionics) tech- 
nology rates were set equal to zero. 


Percent of the non-FAA costs to be paid by the FAA. 

If desired, the FAA can be presumed to incur any portion 
of any of the non-FAA costs; for any of the systems, 
regions, cost types, etc. In this study, no non-FAA 
costs were borne by the FAA. 


A.1.3 Description of Major FAA Processing Elements 


The FAA processing is reasonably straightforward; this por- 


tion of the methodology is basically a cost accounting procedure. 
Two computation techniques are employed; one for implementation 
costs, the other for recurring costs. 


The implementation costs for a given system, region and year 
are computed as follows: 


(1) 
(2) 


(3) 


(4) 


(5) 


Each cost category is considered separately. 


For each category, the total implementation cost is 
determined by adding the FAA implementation cost to the 
designated per cent of the non-FAA cost. 


The resulting value is then multiplied by the per cent 
of implementation specified for the given year. 


Inflation is then considered by multiplying this result 
by the appropriate inflation factor: 


Inflation Factor = [2 + Inflation Rate (% | 


Year-1977 


If the cost type being evaluated is "hardware," the 
effect of technology is also considered, in the same 


manner as inflation. This produces the cash outlay for 
the system/region/cost category combination. 


(6) ane (1977) present value is then computed, as shown 
elow: 


Present Value = Cash outiay/|1 + Discount fare(t| 


(7) These individual cost results are then aggregated by 
system, region and/or cost category to produce the speci- 
fied output. 


Year-1977 © 


For annual recurring costs the procedure is similar. The 
normal annual recurring cost is identified by adding the FAA and 
designated fraction of the non-FAA cost components. If the system 
being considered is still being implemented in the year being 
addressed, this nominal value is multiplied by the cumulative 
percent of hardware implementation thru that year. (This is not 
done for either of the current navigation systems, VOR or self- 
contained.) The spares cost category is then adjusted to account 
for the improved technology effect. The resulting value is then 
modified by inflation, in the same manner as the implementation 


——$—$— 


costs. 


A.1.4 FAA Cost Output 


There are five FAA output options which provide different 
levels of output detail. Within the methodology, the FAA costs 
are divided by: 

(1) Cost category, 

(2) Fixed or region incremental costs (by region), 

(3) Navigation system, 

(4) Year. 

The five output options involve dividing and outputting the 
FAA costs according to different combinations of these four 
divisions. Specifically, the output options are as follows: 


(1) Detailed output by navigation system, cost category 
and year (one set of output for each system); 


(2) Detailed output for fixed costs and for each region, 
by type of cost and year (one set of output for fixed 
costs, one for each region); 


(3) Short output by region and year; 
(4) Short output by navigation system and year; 
(5) Short output by cost category and year. 


Within a given implementation scenario, the NSE model user 
may specify none, any or all of these outputs. The FAA processing 
logic also fills in a FAA portion of the combined FAA/user output 
matrix (which is developed at the end of the analysis) wherein 
the user and FAA results are aggregated. 


A.2 NAS USER COSTS 


Section 2.3 of Volume I summarized the NAS user cost quan- 
tification process. This appendix presents and overview of the 
RAANS user cost derivation procedure and then describes the 
methodology used in significant parts of that process, specifically: 


(1) User group definition. 


(2) Establishment of avionics age distributions and average 
lifetime. 


(3) Derivation of transition period minimum retrofit rates. 
(4) Avionics purchase/retrofit rate logic. 


(5) Determination of avionics cost adjustment factors. 


A.2.1 Overview of RAANS User Cost Derivation Procedure 


A navigation avionics retrofit/buy logic was developed and 
applied to determine, on an annual basis, the number and type of 
navigation avionics packages purchased by each of the 98 user 
groups. As defined in this study, a given implementation scenario 
identifies the transition period which is the time when both the 
current and the "new" navigational systems are operational and 


certified for primary civil air navigation use by the FAA. This 
period is generally the same for all user groups operating in a 
given region, i.e., CONUS, Alaska, off-shore or oceanic. The 
navigation avionics retrofit/buy logic mandates that all avionics 
packages purchased prior to the transition period are to be of 
the current system type and all packages purchased during and 
after the transition period will be the specified new system 
type. The logic also specifies that the number of navigation 
avionics packages purchased by a user group in a given year is 
nominally equivalent to that group's number of new aircraft plus 
the number of existing packages that exceeded their lifetime 
during that year less the number of retired aircraft. However, 
if in a given year, the number of retired aircraft is greater than 
the number of existing packages which exceeded their lifetime, 
then the number of packages purchased in that year is set equal 
to the number of new aircraft. There are other exceptions to 
this generalized procedure of determining the annual number of 
avionics packages purchased, such as accounting for different 
systems and/or transition periods in two or more regions in which 
the specified user group (aircraft) operates. 


The avionics packages referred to above consist of one or 
more navigation avionics components or units, ranging (for the 
current system) from a single inexpensive VOR to a set of two air 
carrier quality VOR's plus two DME's plus an RNAV or triple 
INS's. Each of the ten avionics categories used to distinguish 
the user groups has a predetermined avionics package composition, 
i.e., the type and the number of avionics units, for both the 
current systems (VOR and self-contained) and each of the new sys- 
tem alternatives (Omega, Differential Omega, Loran-C, and GPS). 
The relationship between the current and new system packages 
(avionics category) composition was predicated on maintaining a 
comparable performance and reliability capability both prior to, 
during and after the transition to the new system. This was a 
fundamental study groundrule, i.e., to maintain consistent avi- 
onics capability with in a given user group and let the purchase 


price of the alternative new systems vary as necessary to achieve 
this objective. 


Once the number of packages purchased in a given year was 
determined and the composition of each package type established, 
it was then possible to determine the number of each avionics 
units produced that year. For example, the first and second 
avionics category packages may consist of single and dual inex- 
pensive VOR's, respectively. If the inexpensive VOR units are 
not used in any of the other eight avionics category packages, 
then the total number of inexpensive VOR units produced in a 

given year would be set equal to the number of first category 
packages purchased plus twice the number of second category pack- 
ages purchased. The resulting number of units produced to date, 
for a given implementation scenario, is subsequently used to 
adjust the avionics purchase price. 


The annualized unadjusted avionics cost for each user group 
is determined as the sum of the products of the number of each 
type of avionics unit purchased that year by that group and 
the unadjusted per unit costs by type of unit. These unadjusted 
costs should encompass the current enroute avionics purchase price*, 
installation costs (including antenna costs, aircraft "tuning," 
etc.) and changes in annual maintenance costs (which would be 
propagated forward in time as an annual recurring cost for that 
user group). In this study, with the exception of INS, all navi- 
gation avionics maintenance costs were assumed to be the same. 
Study resource limitations precluded an analysis of the installa- 
tion cost differences between the candidate system alternatives, 
thus they were also assumed to be the same across all systems. 
With the exception of INS maintenance, these costs common to all 


—— ws ee 


——— 
For consistency, the avionics prices used in this study were 
limited to those associated with only enroute navigation compon- 

ents. Costs of those units with integral marker beacon or glide- 

: slope subsystems were reduced accordingly. 

: 
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systems were set equal to zero, thus only thepurchase price of 
navigation avionics is reflected in the "user costs" presented 
in this report. 


The annualized unadjusted avionics costs were then adjusted 
{ to first take into account the anticipated annual variation in 
per unit pruchase price, then to determine the annual after tax 
cash flow and finally converting these costs to present value 
equivalents. Three factors were used to establish the per unit 
avionics costs for each year of interest: 


(1) Inflation, set at 7% per year, 


(2) Improved technology cost reduction factor, set at 5.1% 
per year, and 


(3) Production base cost reduction factor, where the cost 

of the Nth unit was set equal to the product of N 

raised to the (n 0.9/ n 2.0) power and the first unit 

price. A cutoff of 20,000 units was applied to this 

factor, i.e., no additional production base related cost 

reductions occurred after the 20,000th unit was produced. 
Conversion of these yearly user costs to annual after tax cash 
outlay is accomplished by applying an investment tax credit (10% 
during the year of purchase) and depreciation of previously pur- 
chased avionics (seven year, straight line, no residual value) 
to the air carrier, air taxi and business/executive user groups. 
A 52% tax bracket was assumed in the calculations. The resulting 
annual after tax cash outlays were then converted to present 
value annual equivalents for each of the 98 user groups through 


the application of a 10% annual discount factor. 


The individual user group annual after tax cash outlay and 
equivalent present value costs were processed to produce cumulative 
annual totals. Each of these four economic evaluation criteria 
(annual after tax cash outlay, cumulative to-date after tax cash 
outlay, annual present value costs and cumulative to-date present 
value costs) were then aggregated across all user groups to pro- 
duce a single representative user group cost summary. 


Finally, corresponding economic evaluation criteria from the 
FAA and user group cost summaries were totaled to produce the 
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Combined FAA plus user group annual cost summary required for 
each alternative navigation system and implementation scenario 
combination examined. 


A.2.2 User Group Definition 


A necessary task of the RAANS study was the categorization 
of the current civil aircraft populgtion according to avionics 
Capability, type of operation, region(s) of operation and aircraft 
type, and the derivation of forecasts for each resulting aircraft 
group. SCI (Vt) established the data requirements, formats and 
most of the categorization criteria. Most of the actual data 
derivation, however, was performed under an FAA contract by 
Advanced Technology, Inc. (ADTECH) [Al] using aviation forecasts 
provided by FAA Office of Aviation Policy (AVP), in close 
coordination with SCI (Vt). 


While the ADTECH results were delivered per the initial 
requirements, some "post-processing" was required in order to 
redefine certain classification criteria and reforme the data 
for direct use in the RAANS study. The purpose of this section 
is to delineate all of the processing performed on the ADTECH 
inputs, and to present the final user categorization and forecast 
results. 


Processing of the ADTECH inputs involved six separate steps. 
These were as follows: 


(1) The avionics category definitions were redefined so 
as to be compatible with the avionics definitions that 
ultimately resulted from this study's avionics cost 
estimation effort. This step also included the dele- 
tion, from the population of interest, of aircraft 
which do not currently have or are projected to have 
VOR or equivalent equipment. 


(2) Aircraft having "long range" avionics capability (INS, 
doppler radar, Omega), with a region of operation 
designated as CONUS-only, were changed to the CONUS- 
oceanic or CONUS-CONUS off-shore regions. This change 
was predicted on the assumption that these avionics are 
satisfying a user requirement. 
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(3) Several user and aircraft type categories were combined 
to simplify the overall results and produce a more 
efficient data base for subsequent data processing 
(this was accomplished without perturbing the avionics 
category or operating region(s) information which are 
of prime concern). 


(4) Several changes of some substance were made in order 
to reconcile differences between the data and other 
(FAA and SCI (Vt)) information sources. 


(S) Seven aircraft groups, having three or fewer aircraft 
throughout the time frame of interest (1976-2000), 
| were combined with other more dominant groups (this 
did involve a perturbation of the avionics information 
but the populations involved are believed to be insig- 
nificant). 


(6) The ADTECH projections were from the year. 1977 through 
2000, with the "net population" data explicitly defined 
to apply to Jan. 1 of each year. RAANS methodology 
was programmed to expect "net population" at the end 
of each year. Hence, the Jan. 1 date was artificially 
changed to Dec. 31st of the previous year. This re- 
sulted in projections from 1976-1999. Projections for 
the year 2000 were made via direct linear extrapolation 
of the 1998-1999 results. 


With the exception of the last processing step, which is 
considered self-explanatory, each of the remaining five steps is 
| described in detail below. 


| Category Redefinition 


As mentioned, ADTECH sorted the current aircraft population 
according to four criteria: (1) avionics category, (2) type of 
operation, (3) region(s) of operation, and (4) aircraft type. 
The specific definitions utilized in this classification proced- 
ure are shown in Table A.1 (taken from Ref. Al). The current 
aircraft population was divided into groups with common charac- 
teristics in each of the four sorting criteria. In all, this 
resulted in 314 combinations or groups. 


For the purpose of avionics unit cost estimation, SCI (Vt) 
embarked on a parallel effort to identify various typical avionics 
configurations. For each configuration, cost estimates were 
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Table A.1 
ADTECH Aircraft Population Categories 


— AIRCRAFT TYPE TYPE OF OPERATION 


4-Engine Jet Air Carrier 


3-Engine Jet Air Taxi 
1-2-Engine Jet Executive 
Turboprop Business 
4-Engine Piston Personal 


2-3-Engine Piston 
1-Engine Piston 
Helicopters 


Other 


ONAN PWNHe 


AVIONICS CATEGORY 


x—«<x«OOCCOxO 


0 
X 
0 
X 
0 
X 
Xx 


r 
2 
3 
4 
5 
6 
7 
8 
9 
0 


xoocoeo°ocoe°coe°oco 


— 


X - Yes, the aircraft has this type of equipment 
0 - No, the aircraft does not have this type of equipment 
Blank - The aircraft may or may not have this type of equipment 


AREA OF OPERATION 


oo 
ee 


generated, including year of production and cumulative production 
to that date. This effort required the consideration of config- 
urations with dual avionics, as well as distinctions between the 
sophistication (and costs) of units with similar basic functions. 
The data base utilized by ADTECH did not contain information 
regarding dual equipment or costs. Thus, there was not a one to 


WDONANPWNHe 
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one match between the ADTECH and SCI (Vt) avionic equipment defin- 
itions. These inconsistencies were resolved by translating the 
ADTECH avionics categories into the SCI (Vt) avionic categories. 
The avionics category definitions developed by SCI (Vt) are listed 
in Table A.2Z. 


To facilitate converting from the ADTECH to the SCI (Vt) 
avionics categories, a series of matrices were tabulated which 
show, for each ADTECH avionics category, the number of aircraft 
by type of operation and aircraft type. These matrices are shown 
in Table A.3. The subdivision by aircraft type permitted these 
characteristics to be used as a part of the conversion process. 
For ADTECH avionics categories 1-9, region of operation was not 
considered in the conversion process. ADTECH avionics category 
10 was handled separately, and region of operation was considered. 
The type of operation/aircraft type/region of operation matrices 
for ADTEC avionics category 10 is presented in Table A.3-J. 


Each matrix entry (of Table A.3), which indicates the number 
of aircraft of a given ADTECH avionics category, type of operation 
and aircraft type, were re-categorized into a maximum of two 


Table A.2 


SCI (Vt) Avionics Category Definitions for 
Use in the RAANS Study 


AVIONICS oe (BY NUMBER OF UNITS AND 
GREE OF SOPHISTICATION*) 


OTHER 
“LONG RANGE" ** 


CATEGORY 


High Cost GA 
Intermediate Cost GA RNAV 
High Cost GA RNAV 

AC IFR Level 1 

AC IFR Level 2 

AC IFR Level 3 


oon one wnr 


~ 
o 


“avionics sophistication, reliability and cost range from the units representing unsophisticated 
(A) to the units representing high sophistication, air carrier type, of equipment (D 


“This equipment is assumed to exist only on aircraft operating off-shore or oceanic. 
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SCI (Vt) avionics categories. The per cent distribution of the 


given aircraft population into the specified SCI avionics category(s) 


are indicated by the ( ) remarks located below each population 
figure. 


The division of a group of aircraft into two avionics cate- 
gories, as was frequently done, involved processing a string of 25 
annual projections of new and retired aircraft. These data were 
usually numerically small, producing integerization difficulties. 
The net population, plus the new, minus the retired did not neces- 
sarily automatically add up the next year's net value. These 
difficulties were resolved when dividing one group into two 
avionics categories. However, the development of processing logic 
to divide a group into three or more categories did not appear 
to be warranted. Hence, divisions of ADTECH user group populations 
was limited to a maximum of two SCI categories. 


The re-classification, or conversion, logic was developed 
as follows: 


(a) ADTECH categories 1, 3 (Tables A.3A and A.3C): These 
categories were ignored, since aircraft in these classes 
do not have VOR capability and therefore would presum- 
ably not be affected by the potential FAA navigation 
system strategies being considered. 


(b) ADTECH categories 4-9 (Tables A.3D through A.3I): For 
each of these classes, the first step in deriving the 
conversion logic was to determine the SCI (Vt) avionics 
categories which are based on similar or compatible 
avionics capabilities. For example, ADTECH category 4 
is composed of aircraft with a VOR (one or more) but 
no DME and no RNAV. These aircraft would be re- 
categorized into other SCI (Vt) categories 1 or 2 
(all other SCI (Vt) classes include DME and/or RNAV). 


The specific manner in which ADTECH category 4 was 
divided into SCI categories 1 and 2 was based primarily 
on judgment. In this instance, the larger aircraft and 
more sophisticated users were placed in category 2 
(dual VOR). Only single engine prop aircraft and heli- 
copters, operated for "personal" and "other" purposes, 
were presumed to have single VOR. The percent values, 
identifying that fraction of the aircraft being placed 
in category 1, was selected so as to produce a final 


a 


Table A.3-A 
ADTECH Avionics Category: 1 


1975 Aircraft Population: 32,017 Per Cent of Total Population: 17.64 


ADTECH ~ ADTECH TYPE OF OPERATION CATEGORY 


AIRCRAFT 1 3 4 
TYPE AIR CARRIER EXECUTIVE BUSINESS 
1 
4 ENGINE JET 
ALL AIRCRAFT IN THIS ADTECH AVIONICS CATEGORY DID NOT HAVE AT LEAST A SINGLE VOR AND 
2 WERE THEREFORE NOT INCLUDED IN SUBSEQUENT RAAKS ANALYSES. 
3 ENGINE JET 


4 
TURBOPROP 
6 
2 OR 3 ENGINE 

PISTON 
8 
HELICOPTERS 


NOTE: ( ) Indicates Per Cent Distribution of Given ADTECH Aircraft Population Into SCI Avionics Catezory(s). 


Table A.3-B 
ADTECH Avionics Category: 2 
1975 Aircraft Population: 8,159 Per Cent of Total Populatica: 4.50 


ADTECH AOTECH TYPE OF OPERATION CATEGORY 


AIRCRAFT 1 2 3 
AIR CARRIER AIR TAXI EXECUTIVE 
: ua wax 


3 22 
1 OR 2 
ENGINE JET 


4 
TURBOPROP 


6 339 
2 OR 3 ENGINE (65% SCI #4) | (53% SCI #3) 
PISTON (35% SCI #6) | (47% SCI #4) 


7 1,599 4,868 
SINGLE. ENGINE (91% SCI # } { 3% SCI Ht (75% SCI #2 (68% SCI #1) { 


PISTON (9% SCI # 7% SCI #6 (25% SCI #3 (32% SCI #2) 1 


21 

80% SCI rd 
20% SCI #2 

WOTE: ( ) Indicates Per Cent Distribution of Given ADTECH Aircraft Population Into SCI Avionics Catezory(s). 
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Table A.3-C 
ADTECH Avionics Category: 3 


1975 Aircraft Population: 8,360 Per Cent of Total Population: 4.61 


ADTECI! TYPE OF OPERATION CATEGORY 
1 5 
AIR CARRIER PERSONAL 


ALL AIRCRAFT IN THIS ADTECH AVIONICS CATEGORY O10 NOT HAVE AT LEAST A SINGLE VOR 
AND WERE THEREFORE NOT INCLUDED IN SUBSEQUENT RAANS ANALYSES. 


ADTECH 
AIRCRAFT 
TYPE 


| 
4 ENGINE JET 


5 
4 ENGINE 
PISTON 


6 
2 OR 3 ENGINE 
PISTON 


? 
SINGLE ENGINE 
PISTON 


8 
HELICOPTERS 


NOTE: ( ) Indicates Per Cent Distribution of Given ADTECH Aircraft Population Into SCI Avionics Catejory(s) 


Table A.3-D 
ADTECH Avionics Category: 4 


1975 Aircraft Population: 57,861 Per Cent of Total Population: 31.89 


ADTECH TYPE OF OPERATION CATEGORY 


ADTECH 
AIRCRAFT 
TYPE 


5 28 
4 ENGINE (100% SCI #2) 
PISTON 
6 84 
2 OR 3 ENGINE (100% SCI #2) 


PISTON 


? 
SINGLE ENGINE 
PISTON 
8 108 
HELICOPTERS (100% SCI #2) 
( 


NOTE: ) Indicates Per Cent Distribution of Given ADTECH Aircraft Population Into SCI Avionics Catezory(s). 


135 


3 
(100% SCI #2) 


64 
(80% SCI #1) 
(20% SCI #2) 
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Table A.3-E 
ADTECH Avionics Category: 5 


1975 Aircraft Population: 28,810 Per Cent of Total Population: 15.88 


ADTECH TYPE OF OPERATION CATEGORY 


ADTECH 
AIRCRAFT 
TYPE 


2 OR . ENGINE 


PISTON 
7 
ae ENGINE 
PISTON 50% SC 40% SCI #2 
8 21 
en SCI #1) 
| 90% SCI #2) 
Table A.3-F 
ADTECH Avionics Category: 6 
1975 Aircraft Population: 3,422 Per Cent of Total Population: 1.89 


ADTECH ADTECH TYPE OF OPERATION CATEGORY 


AIRCRAFT 1 
TYPE AIR CARRIER EXECUTIVE PERSONAL 
1 
4 ENGINE JET 
2 
3 ENGINE JET ALL AIRCRAFT IN THIS ADTECH AVIONICS CATEGORY PLACED IN SCI AVIONICS CATEGORY @3 
3 
1 OR 2 
ENGINE JET 
4 
TURBOPROP 


20 


| 
| 
| 


a woe 


Table A.3-G 
ADTECH Avionics Category: 7 


1975 Aircraft Population: 25,762 Per Cent of Total Population: 14.20 


AOTECH TYPE OF OPERATION CATEGORY 


1 2 3 
AIR CARRIER AIR TAXI EXECUTIVE 


273 22 
(100% SCI 47) 


ADTECH 
AIRCRAFT 
TYPE 


5 
PERSONAL 
184 
(100% SCI #4) 


1 
4 ENGINE JET 86% SCI #7 
14% SCI #9 


22 
(100% SCI #7) 


920 
(100% SC1 #7) 
3 539 
1 OR 2 (100% SCI #7) 
ENGINE JET 


4 260 
TURBOPROP (100% SCI #7) 
5 
4 ENGINE 
PISTON 


6 lil 1,797 1,600 6,220 
2 OR 3 ENGINE | (100% SCI #7) | (100% SCI #4) | (100% ScI #4) ee SCI PA 
PISTaN 50% SCI #4 
7 278 5,250 3,360 
SINGLE ENGINE (100% SCI #4) (100% sci #3) | (100% SCI #3) 
PISTON 
8 
HELICOPTERS 


184 690 
(100% SCI #4) } (100% SCI #4) 


28 28 
(100% SCI #4) | (100% SCI #4) 


28 
788 


Table A.3-H 
ADTECH Avionics Category: 8 


1975 Aircraft Population: 4,749 Per Cent of Total Population: 2.62 


ADTECH AOTECH TYPE OF OPERATION CATEGORY 


AIRCRAFT 1 3 4 5 6 
TYPE AIR CARRIER EXECUTIVE BUSINESS PERSONAL OTHER 
1 
4 ENGINE JET 
2 
3 ENGINC JET ALL AIRCRAFT IN THIS AOTECH AVIONICS CATEGORY PLACED IN SCI AVIONICS CATEGORY #5 


6 
2 OR 3 ENGINE 


7 
SINGLE ENGINE 


8 
HELICOPTERS 


NOTE: ( ) Indicates Per Cent Distribution of Given ADTECH Aircraft Population Into SCI Avionics Catezory(s). 


NOTE: ( } Indicates Per Cent Distribution of Given ADTECH Aircraft Population Into SCI Avionics Catejory(s). 


Table A.3-I 
ADTECH Avionics Category: 9 


1975 Aircraft Population: 11,471 Per Cent of Total Population: 6.32 


ADTECH ADTECH TYPE OF OPERATION CATEGORY 
1 5 


AIRCRAFT 


3 { 6 
4 2 OR 3 ENGINE 
| PISTON 
7 
SINGLE ENGINE 
PISTON 
8 
HELICOPTERS 
( 


NOTE: ) Indicates Per Cent Distribution of Given ADTECH Aircraft Population Into SCI Avionics Catejory(s). 


22 


Table A.3-J-1 
ADTECH Avionics Category: 10 (Long-Range) 


ADTECH Operating Region Combination: 1 (CONUS) 


197S Aircraft Population: 225 Per Cent of Total Population: 0.12 


ADTECH ADTECH TYPE Of OPERATION CATEGORY 


AIRCRAFT 

TYPE AIR cenice 
4 ae Jet | (100% ser #8) 
3 on JET 


2 OR 3 ENGINE 
PISTON 


SINGLE "encine 
PISTON 


8 
HE! [COP TERS 


NOTE: (  ) Indicates Per Cent Distribution of Given ADTECH Aircraft Population Into SCI Avionics Category(s). 


“moved to CONUS-Oceanic operating regions, SCI region category #4. 
ae 
Moved to CONUS-CONUS off-shore operating regions, SCI region category 43. 


Table A.3-J-2 
ADTECH Avionics Category: 10 (Long-Range) 


ADTECH Operating Region Combination: 4 (CONUS, Oceanic) 
1975 Aircraft Population: 544 Per Cent of Total Population: 0.30 


AUTECH TYPE OF OPERATION CATEGORY 


ADTECH 
AIRCRAFT ; 
WE EXECUTIVE Bus INEss PERSONAL 


(20x. scl #7) 
(20% SCI #8) 


4 ENGINE JET 76% Sci 3} 
2 4% SCI #9 
3 ENGINE deET 
3 


1 OR 2 
ENGINE JET 


4 
TURBOPROP 


5 
4 ENGINE 
PISTON 
6 
2 OR 3 ENGINE 
PISTON 
HELICOPTERS 


| gis ea 
=. — #8) 
|__| mtr ae: 


NOTE: ) Indicates Per Cent Distribution of Given ADTECH Aircraft Population Into SCI Avionics Category(s). 
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Table A.3-J-3 
ADTECH Avionics Category: 10 (Long-Range) 


ADTECH Operating Region Combination: 5 (CONUS, Oceanic, Alaska) 
1975 Aircraft Population: 77 Per Cent of Total Population: 0.04 


ADTECH ADTECH TYPE OF OPERATION CATEGORY 


AIRCRAFT 
TYPE AIR cheater 


4 ENGINE JET 
| Sees) 
1 on 2 
ENGINE JET 


q 
; 2 OR 3 ENGINE 
4 PISTON 


SINGLE “ENGINE 
as 


HELICOPTERS 


NOTE: ) Indicdtes Per Cent Distribution of Given ADTECH Aircraft Population Into SCI Avionics Category(s). 
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population of single VOR (category 1) aircraft which was 
consistent with information obtained from a variety of 
other sources and company experience. The conversion 
logic for the other classes (5-9) were similarly devel- 
oped. 

ADTECH category 2 (Table A.3B): ADTECH category 2 was a 
"default" category; i.e., aircraft were placed in this category 
only when they did not fit in any other. Further, the equipment 
assumptions for this category are not meaningful. Specifically, 
category 2 is composed of aircraft without communications equip- 
ment, but with navigational avionics (VOR at least). Initially, 
this category was to be ignored (due to lack of communication 
capability), but it was later decided to assume that the communi- 
cation information was in error. The aircraft were therefore 
included (i.e., converted to appropriate SCI categories and util- 
ized in the analysis). The ADTECH definition for this category, 
however, did not give any information about avionics. Thus, each 
user group/aircraft type combination (of category 2) was placed 
into two SCI (Vt) categories, which were selected by determining 
the two most dominant avionics categories into which the specific 
user/aircraft combination was most frequently placed (based on 
reviewing the conversion logic used for the other ADTECH categor- 
ies). The per cent of the aircraft to go in each of these two 
categories was selected so that, as a general rule, the aircraft 
of category 2 were placed into the same SCI categories in the 
same proportions, as the aircraft of ADTECH categories 4-9. 


Conversion of ADTECH Category 10, "Long Range" Avionics, 
Table A.3J): The “long range" avionics category includes all air- 
craft with INS, Doppler Radar, Omega, or similar equipment. 
Within the RAANS methodology, users will not be assumed to have 
this equipment unless they have a requirement for it based on 
their region(s) of operation. Further, the avionics categorization 
is not supposed to take into account the existence of this capa- 
bility, but rather to establish the avionics class so that the 
sophistication and cost of the equipment can be predicted, given 
that a requirement exists. 


The conversion logic for these aircraft was based, in part, 
on their region(s) of operation, and is shown in Table A.3J. The 
division of aircraft into SCI categories 7, 8 and 9 was accomplish- 
ed so as to produce numbers of "dual-INS" aircraft (category 8) 
and "triple-INS" aircraft (category 9) equal to estimates obtain- 
ed from industry sources. 


Aircraft in region combination 4 (CONUS-oceanic) and 5 (CONUS- 
Alaska-Oceanic) will, within the RAANS study, be assumed to have 
"long range" avionics by virtue of their operating regions. Hence, 
the current existence of these units will not be lost. The ''CONUS- 
only" aircraft, however, will be assumed not to have this capabil- 
ity. For the purpose of this study, these aircraft (CONUS-only, 
"long range") could either have been left. in the CONUS-only 
region, in which case their current "long range" equipment would 
have been ignored, or they could have been converted to the CONUS- 
oceanic (4) or CONUS-CONUS off-shore (3) regions. This latter 
approach was adopted. Jet aircraft (aircraft types 1,2,3) were 
converted to CONUS-oceanic. All other aircraft were converted to 
CONUS~-CONUS off-shore. 


Combining of Sub-categories 

As previously mentioned, the primary intent of the categori- 
zation process is to identify avionics class and region combina- 
tion, since both of these factors affect avionics purchases and 
subsequently user costs. Categorization by type of operation 
and aircraft type were performed primarily to facilitate the 
avionics categorization process (although different types of 
operations are also handled differently in terms of tax accounting 
considerations). Thus, once the avionics category conversion pro- 
cess was completed, some of the type of operation and aircraft 
type subcategories were no longer of primary interest. By combin- 
ing these subcategories, the resulting data base was condensed, 
providing more efficient data processing. 
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Table A.4 illustrates the manner in which the subcategories 
were combined. Executive and business users were merged. The 
personal and "other" subcategories were also merged. Three and 
four engine jets were combined; as were all prop aircraft. It is 
important to note that avionics category and region of operation 
were left as originally defined. For example, 3-engine jets were 
not combined with 4-engine jets unless their respective type of 
operation, regions of operation and avionics classes were identi- 
cal. 


"Changes"! to the ADTECH Data 


Several changes of some substance were made to the ADTECH 
data, in order to reconcile discrepancies between these data and 
other data sources. These changes are summarized below: 


(1) The ADTECH data indicated that there were 505 prop air- 
craft operating in CONUS-CONUS off-shore. While this 
may well be literally true, it is not expected that this 
many aircraft have suitable navigation equipment or an 
IFR requirement for off-shore operation. Thus, those 
prop aircraft without "long range" capability were moved 
to CONUS-only; reducing the CONUS off-shore prop air- 
craft to 166, which was considered more reasonable. 


(2) The ADTECH data included no aircraft (or helicopters) in 
the CONUS-ALASKA-CONUS off-shore-Alaska off-shore operat- 
ing region category. Of the 63 helicopters identified 
by ADTECH as operating CONUS-CONUS off-shore, 28 (25% 
selected from "exec-business" users) were moved to the 
CONUS-Alaska-CONUS off-shore-Alaska off-shore operating 
region. 


(3) The ADTECH data included no helicopters in Alaska-Alaska 
off-shore. Of the 28 Alaska (on-shore only) helicopters, 
8 (30%) were moved to. the Alaska-Alaska off-shore operat- 
ing region. 


(4) The ADTECH data included far too many RNAV aircraft 
(16,352). Recent FAA data indicated that there are 
roughly 8,500 "intermediate GA-RNAV" aircraft (SCI 
category 5), 250 "high-cost GA-RNAV" aircraft (category 
6), and 250 "air-carrier level" RNAV aircraft (category 
10). The data base was altered to reflect these esti- 
mates. Aircraft from which the RNAV capability was 
"removcu" were placed in their respective non-RNAV 
categories. 
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Table A.4 
Combining of Subcategories 


USER CLASSES 


ORIGINAL 
NEW SC1 
DEFINITION INDEX 


INDEX 
(ADTECH ) 

Air Carrier 
Air Taxi 


NEW DEFINITION 


Air Carrier 
Air Taxi” 


Executive 
Business 
Personal 
Other 


Executive/ 
Business 


Personal/ 
Other 


AIRCRAFT TYPES 


NEW SCI 
DEFINITION INDEX 


4-Engine Jet ; 
3-Engine Jet 5 
1-2 Engine Jet 2 
Turboprop 

4-Engine Piston 3 
2-3 Engine Piston 

1-Engine Piston 

Helicopter 4 


“Includes Commuter Operators 


ORIGINAL 
INDEX 
(ADTECH) 


NEW DEFINITION 


3-4 Engine Jet 


1-2 Engine Jet 


Prop 


On ON FP WY 


Helicopter 


Reclassification of Groups with Insignificant Population 


The avionics category conversions, in conjunction with the 
type of operation and aircraft type combining in addition to the 
data alteration activities, reduced the original 314 aircraft groups 
to 105. While 105 aircraft groups was considered a reasonably 
manageable number, there were 7 of these groups whose population 
was never projected to exceed three. It was not considered worth- 
while to explicitly process these groups. They were therefore 
merged into other groups according to greatest categorization sim- 
ilarity. In each case, the re-categorization invokved alteration 
of only the avionics category. The groups involved together with 


the resulting avionics category alteration are shown in Table A.5. 


Table A.5 
Transformation of Low Population User Groups 


TYPE OF REGION AIRCRAFT 1976 2000 
OPERATION POP. POP. 


User Categorization and Fleet Forecast Results 
The resulting final division of the 1977 aircraft fleet into 


SCI user groups is presented in Table A.6. Annual projections of 


new, retired and net aircraft for each of SCI's 98 user groups is 


presented in Table A.7. [Illustrations of the resulting fleet 


projections for each type of operation (air carrier, air taxi, 
exeuctive/business, and personal/other) are presented in Figures 
A.3-A.7. The "peaks and valley" reflect FAA (AVP) forecasts which 


were the basis of the ADTECH projections. 
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Figure A.3 U.S. Aircraft Fleet Projection by Type of Fie hi ration 
(Including only aircraft equipped with at le 
a single VOR) 
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Figure A.S U.S. Aircraft Fleet Projection - Air Taxi Aircraft 
(Including only aircraft equipped with at least 
a Single VOR) 
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Figure A.6 U.S. Aircraft Fleet Projection - Executive and 
Business Aircraft 

(Including only aircraft equipped with at least 

a single VOR) 
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Figure A.7 U.S. Aircraft Fleet Projection - Personal and 
Other* Aircraft 
(Including only aircraft equipped with at least 
a single VOR) 
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A.2.3 Navigation Avionics Age and Lifetime Estimates 


A major contributor to overall user group costs is the usable 
lifetime of their navigation avionics. To a lesser degree, the 
current avionics age distribution is also a major cost factor, 
since this distribution, in conjunction with the lifetime, dictates 
the rate at which the existing avionics will have to be replaced. 
The current avionics distribution also influences the amount of 
navigation avionics depreciation to be taken during the next seven 
years (based on scven year straight line depreciation, no residual 
value). For these reasons, the RAANS methodology incorporated 
both navigation avionics lifetime and current age distribution 
parameters as inputs. 


The method of approach intially envisioned for the quantifi- 
cation of these inputs consisted primarily of informal discussions 
with selected individuals knowledgeable in this area. However, 
the results thus obtained showed considerable difference of opinion. 
Further, the initial model runs indicated that the results (user 
costs) were reasonably sensitive to these inputs. For these 
reasons, a new approach to quantifying the new general aviation 
enroute navigation avionics lifetime and age distribution was 
conceived. The resulting approach involved surveying all repair 
stations certified by the FAA to service navigation avionics. The 
response was highly satisfactory and provided a direct input to 
the study. The repair station questionnaire, tabulation of the 
results and the manner in which the results are utilized in the 
RAANS methodology are described in the following paragraphs. 


Navigation Avionics Lifetime/Age Distribution Questionnaire 


The avionics lifetime/age distribution questionnaire is shown 
in Figure A.8. This questionnaire was sent to the over 400 FAA 
certificated "radio navigation equipment" (R2) repair stations 
as identified in Ref.A2. 
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The information contained herein, will be treated as proprietary and will not be 
desiminated. Only the aggregated data base obtained from all returned question- 
naires will be used and published as part of the study results. 


1) What is your estimate of the average lifetime* of general aviation 
radio navigation avionics? 


VOR DME 
ym Cpa 


2) In your opinion, what are the primary reasons(s) for the replacement of 
radio navigation avionics within the existing general aviation fleet? 


Inadequate performance/ CHECK ONE FOR EACH REASON 


capability relative to that MOST IMPORTANT IMPORTANT NOT A_ FACTOR 
obtainable in current state pg 


of the art units 


High maintenance requirements/ 
costs relative to that antici- 


ee ee 
pated with current state of the (——}j GSe23} (ary 
ea aes I 


art units 
Other - please describe 


3) What is your estimate of the age distribution of radio navigation avionics 
within the existing general aviation fleet? 


AGE PER CENT OF TOTAL UNITS 

VOR DME 
Less than 2 years Locman ee ee aaa cot 
2 through 5 years absent! five divisions 
5 through 10 years RET aE, ad total 
10 through 15 years ieee) re | percent 
Greater than 15 years aT 


OPTIONAL QUEST IONS 


3) Approximately how many VOR and DME avionics units do you service 


annually? (———) 

4) Approximately how many used VOR and DME avionics units do you sell 
annually? (———) 

5) Approximately how many new VOR and DME avionics units do you sell 
annually? (——_] 


® 
Radio navigation lifetime should be interpreted as the length of time, in years, 
between the date of new unit purchase and final scrapping of that unit. Inter- 


mediate removal and installation in different aircraft, hsould not be considered 
in che average lifetime estimate. 


Figure A.8 Survey Questionnaire of FAA Certificated Repair Stations 
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Questions 1 and 3, soliciting lifetime and age distribution 
information, were intended to provide the primary study inputs. 
The “optional questions" at the bottom of the form, soliciting 
the number of units sold and serviced, were included for the pur- 
pose of providing factors to weight the results when combined 
should that option be desired. 


Summary of Questionnaire Results 


Of over 400 questionnaires mailed, 115 were returned. For 
the most part, all of those returned were properly filled out. In 
some cases, one or more of the questions appeared to have been mis- 
interpreted. In some of these instances, the intended "correct" 
response could be identified and was used. In other cases, this 
was not possible and these portions of the responses were not pro- 
cessed. 

The navigation avionics lifetime results, for VOR and DME 
units are shown in in Figures A.9 and A.10. These figures each 
contain five bar charts. The first chart depicts the histogram of 
lifetime responses, equally weighted for all respondents. The 
last four charts in each figure depict the same results, weighted 
by the numbers of units serviced and/or sold as identified on each 
questionnaire. The weighted results were intended to take into 
account the variation in "experience" or knowledge of the respond- 
ents. The mean lifetimes are remarkably similar, however, through- 
out the non-weighted and weighted results. 


Responses relative to the reasons for avionics replacement 


are summarized below: 
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SOURCE: SC1(VT) SURVEY OF FAA CERTIFIED NAVIGATION AVIGRICS REPAIR STATIONS 


Figure A.9 VOR Lifetime Results 
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Figure A.10 DME Lifetime Results 


Most Not A 
Important Important Factor 


Performance .eveceeeree 45% 51% 4% 
Maintenance ...cecereees 47% 463% 7% 
OERST: oie cases he eieiel avers ats 8% 17% 76% 


A review of the "other" reasons for replacement, which were filled 
in on some of the forms, did not reveal any entries of particular 
Significance, nor was any particular "reason" mentioned often; 
indicating that performance and maintenance (not surprisingly) are 
the primary reasons for replacement. 


The age distribution responses are summarized in Figures A.11 
and A.12. These distributions were also developed based upon 
weighted results, as was done forthe lifetime responses, but the 
differences were insignificant (and the weighted results are 
therefore not presented). 


Utilization of the Questionnaire Results 


The RAANS methodology, specifically the Navigation System 
Evaluator, was designed to accept an avionics lifetime and age 
distribution input, The lifetime input could, potentially, be 
different for each avionics "package" (a specific combination of 
avionics units of a particular system type, such as dual VOR/DME, 
identified for each avionics category used to group NAS users), 
but, for computational reasons, could not be varied between the 
components making up each package. Thus, the use of different VOR 
and DME lifetimes was not possible. Since there are considerably 
more VOR's in existence than DME's and since every current navi- 
gation avionics package considered in this study included a VOR 
but not necessarily a DME, the use of the VOR lifetime results from 
the survey was considered more appropriate. The "lifetime" model 
input for current general aviation avionics was therefore set at 
11 years (a value obtained by rounding the 11.06 average VOR life- 
time obtained from the non-weighted survey results). An independent, 
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Figure A.12 DME Age Distribution 


less formal survey of the air carriers indicated that air carrier 
avionics are nominally scheduled to last the lifetime of the air- 
craft, which, in turn, is nominally planned to be 14 years. The 
lifetime for the air carrier quality avionics was therefore set at 
14 years. 


The collective judgment of the RAANS Support Team (RST) was 
that there is no significant reason to believe that the lifetime 
of any of the future avionics packages would be significantly 
different from that of the VOR. Thus, the average lifetimes for 
all systems were assumed to be the same (i.e., 11 years for GA* 
navigation avionics, 14 for air carriers). ; 


The methodology presumes that the lifetimes are fixed (i.e., 
that the avionics expire deterministically or automatically when 
the lifetime is reached). As a result, the age distribution must 
be defined from zero to the lifetime. Thus in the NSE model, no 
avionics older than the lifetime can exist. Hence, the next step 
in the reformatting and utilization of the survey results was to 
"truncate" the age distribution data at 11 years. 


This step was accomplished by identifying, from the age dis- 
tribution survey results, the percentage of the avionics older 
than 11 years and spreading this fraction of the total uniformly 
between zero and 11. This process and its result is depicted in 
Figure A.13. Alternative truncation techniques exist (such as re- 
scaling that portion of the distribution between 0 and 11 to 
achieve an integral of 1; or compressing the scale from 0-20, to 
0-11), but these techniques did not produce results that seemed 
consistent or reasonable relative to the raw survey results. 


The dashed line in FigureA.13 reflects the resulting age 
distribution. For computational convenience: and ease. of input, 


RT NER AR : ' , ‘ 
General aviation includes air taxi executive, business, personal 
and other (non-air carrier) type of operation categories. 


58 


UOTINGTIISTC eBy SOTUOTAY UOTIESTAEN 9yNOIU_ UoTIeTAY TeTEUSH Sl°V ean3ty 


(SUV3A) SLINN YOA 40 39V 
8I 91 vl ra ol 8 9 ’ 2 


(A901000H13N AGNLS SNVWY 


FHL WE O3ZEVLAN SV) ATs NOTINGTYLSIG Vi3IE ——_____. ot 


(TU-0 S3DV ULNI ATHHOSINN SUVIA TT NVHL U2010 
SDINOLAV Ty SUIQGV AG G3INIVLG0) 39v “Xv 
UVIA UL AG OIWTVULSNOD MOLINGIVISIO 7V — — —— — 


(002 O14 Si. SV O3L3NIU21NE 
o@it ONY ST.) SLWIS3U ATAMNS 19S —— 


39¥ Q314193dS 30 SDINOIAV YOA 30 NOJLYOd0ud 


the methodology was structured to accept age distribution para- 


meters; in particular, its mean and variance. The form of the age 
distribution assumed is a beta distribution. This distribution 
was selected due to its flexibility, i.e., its ability to take on 
a variety of "shapes," depending upon the mean and variance 
selected. The final step in preparing the age distribution input 
was to compute the appropriate mean and variance. 


It was known that the lifetime parameter could be subject to 
change. Thus, it was desirable to define the age distribution 
independently of the lifetime so that the age distribution need 
not be changed when the lifetime is changed. The method employed 
to accomplish this was to define the age distribution (its mean 
and variance) as if the distribution extended from zero to one. 
This is sufficient to define the "shape of curve.'' Thus, the 
mean and variance of the 11 year age distribution (dashed line of 
Figure A.13) were computed and rescaled to reflect a distribution 
from 0 to 1 (i.e., the mean was divided by 11, the variance was 
divided by ii?) Within the RAANS methodology, the "0-1" age 
distribution is automatically rescaled based on the lifetime para- 
meter. In this case, the 0-1 scale is extended to 0-11, with the 
shape of the distribution preserved. This result is shown by the 
solid line in Figure A.13 and reflects the exact age distribution 
used in the RAANS study (when the nominal data remains unchanged). 
In lieu of more detailed or more accurate information, the same 
distribution shape was applied to all aircraft groups (including 
air carriers, with 14-year avionics life). 


A.2.4 Accelerated Navigation Avionics Retrofit Rates 


Other than the baseline case (in which the current navigation 
system continues as the primary system through this study's plan- 
ning horizon), all RAANS implementation scenarios include a transi- 
tion from the current system to the specified alternative. As 
depicted in Figure A.14, both systems are operational during the 
transition period. Prior to this period, the NAS users must have 
current system avionics. After this period, they must be equipped 
with avionics compatible with the specified alternative navigation 
system. Thus, as simulated in this study, all retrofitting from 
current to alternative system avionics must take place during the 


transition period. 


New aircraft that are purchased during the transition period 
are assumed to come equipped with the alternative system avionics. 
The "residual" current system avionics (purchased prior to the 
start of the transition period) in service at the beginning of 
the transition period, are phased out of service in several ways. 
Nominally, when they reach their expected lifetime (see Section 
A.2.3) they are replaced with alternative system avionics. If 
the transition period is long (i.e., greater than the expected 
avionics lifetime), then all avionics will be retrofitted in this 
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Figure A.14 Transition Period Definition 


manner. However, if the transition period is short, then another 
method must be used to accelerate the retrofit rate to ensure a 
100 percent conversion by the end of the transition period. 


The basis for the accelerated retrofit rates adopted for this 
study are the perceived retrofit trends that were exhibited when 
complying with the rules implementing the following equipment [A3]: 

(1) flight data recorders/cockpit voice recorders; 

(2) transponders; 

(3) distance measuring equipment; 

(4) third attitude gyros; 

(5) altitude alerting systems; and 

(6) emergency locating transmitters. 

These trends, for a three year transition period, were developed 
for air carrier and non-air carrier types of operation and are 
illustrated in Figures A.15 and A.16, respectively. A linear 
relationship of percent air carrier aircraft retrofitted vs. time 
was established as shown by the SCI approximation of Figure A.15. 
This rate is initiated 2% years prior to the end of the stipulated 
transition period and achieves 100% retrofit exactly at the end of 
the transition period. Figure A.17 illustrates the resulting 
family of accelerated RAANS avionics retrofit rates for transition 
periods of from 5 to 30 years, in five year increments. A three 
year transition rate is also presented for comparison purposes with 
the retrofit rate taken from Ref. A3 (shown in Figure A.17 by the 
dashed line). 


It was estimated that a relatively small percent of general 
aviation (non-air carrier) aircraft will retrofit as soon as the 
alternative navigation system has become fully operational; i.e., 
start of the transition period. Thus the number of general avia- 
tion (GA) retrofit aircraft should start to build up as soon as 


| 
| 
| 


the transition period has been initiated. Further, this initial 
buildup should encompass a greater number of aircraft as the tran- 
sition period is lengthened. However, the ''buy at the last 
minute" trends which prevailed in the air carrier retrofit rates, 


are assumed to be even more pronounced for GA. 
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Figure A.17 RAANS Study Accelerated Retrofit Rates for 5 to 50 
Year Transition Periods (Air Carrier Operations) 


The GA trend curves presented in Figure A.16 (taken from Ret 


A3) were used to establish a two-step linear retrofit rejationshij 
The initial rate was determined to 


(solid lines of Figure A,16). re 
achieve 10 percent retrofit at the end of a designated transition 
The final or peaking retrofit trend line is set at zero 


the transition period 


period. 
L 


percent 3/4 of a year prior to the end of 

(as compared to the air carrier's 24% years) and 100 percent at 
end of the transition period. As shown in Figure A.18, these 
trend lines were excluded beyond their 


producing a two segment rate with the desired propertic 
.18 for comparison 


Pam | 


intersection, there! 


rhe 


three year trend line is also shown in Figure A 
purposes with the dashed line reflecting the GA retrofit data 


contained in Ref. A353. 
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Figure A.18 RAANS Study Accelerated Retrofit Rates for 5 to 30 
Year Transition Periods (Air Taxi, Business/Executive 
and Personal/Other Types of Operation) 


Avionics Purchase Rate Logic 


Prior to discussing the specific algorithms utilized for the 
computation of avionics purchases, it is appropriate to reiterate 
the input data (either nominal data inputs, or run-unique user 
inputs) which are used for purchase rate computations. These 
data, which are input and/or prestored for each of the 98 user 


groups, are described below: 
(1) Avionics category. 


(2) Region(s) of operation. 


(3) Population forecasts (current population and the numbers 
of new and retired aircraft annually through the year 
2000). 


Avionics age distribution parameters. These parameters 
identify the current avionics age distribution which, 
in turn, identifies the percent of the current group 
population whose avionics are 1 year old, 2 years old, 
etc. (up to the lifetime value). 
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(5) Accelerated retrofit/transition rate parameters. These 
parameters define the lowest acceptable rate by which 
the user group would be expected to transition from one 
system to another. 


(6) Purchase strategy input. This is a run-unique user in- 
put, used to identify which avionics system types the 
user group will purchase. The input consists of the 
following items for each of the system types: 


(a) first and last years when new aircraft (or air- 
craft whose avionics have exceeded their lifetime) 
will buy the system, and 


(b) first and last years of transition to the system. 


These inputs define each user group's response to the 
specified implementation schedule and are part of the 
implementation scenario description. The methodology 
does not automatically derive these user responses. 
These data must be input. This is necessary since 
there is the potential to consider various "complex" 
implementation scenarios where user groups might have 

a choice of different navigation system options, and it 
was not considered appropriate to have major purchase 
decisions made by (i.e., "hardwired" in) the methodology. 
The methodology does, however, verify the consistency 
between the input purchase strategy and the implementa- 
tion schedule. 

The computational algorithms for the avionics purchase rates 
are applied to each of the 98 user groups individually and will, 
therefore, be described in this manner. Within the methodology, 
when aggregated purchase rates are needed, such as for avionics 
price computations and for output, the appropriate individual user 


group results are summed. 


Avionics Purchase Rates for Baseline (No Transition) Scenarios 


The baseline or no-transition situation is characterized by 
the methodology via user purchase strategy input which prescribes 
that the user group will buy only the current system(s) throughout 
the designated planning period, and no transition to other systems 
will occur. 


All avionics purchase logic is based upon a counting of an 
entire avionics "package.'"' An avionics package is the specific 
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equipment configuration consisting of one or more avionics com- 


ponents which is associated with each RAANS avionics category and 
navigation system type combination. One example of a package 
would be "dual VOR-type B"', i.e., RAANS Category 3. This is one 
package, the fact that dual VOR's are involved is accounted for 
with regard to avionics price computations. 


A given user group may initially have either one avionics 
system (VOR) type, or two (VOR plus self-contained), depending 
upon whether they operate off-shore or oceanic in addition to 
either the CONUS and/or Alaska. The processing is performed inde- 
pendently for each system, and is the same for each. The purchase 
rates are established by the following computational steps: 


(1) The avionics lifetime is identified (from the nominal 
data, by table look-up) based on the user group avionics 
category and the navigation system type (VOR, or "self- 
contained"). 


(2) The age distribution parameters, in conjunction with 
the lifetime, are used to define the age distribution 
This distribution encompasses ages from 1 year to the 
lifetime value (for discussion purposes, the lifetime 
value will be denoted by L). 


(3) The logic then evaluates the first L years individually 
(i.e., 1978 through 1977+L). For each year, the number 
of avionics whose age will exceed this lifetime is 
determined from the age distribution. The age distri- 
bution is currently being modeled as a Beta distribution, 
defined from age zero through the avionics lifetime. 

The mean and variance used to identify a unique distri- 
bution are prestored in the nominal input data. Each 
avionics package must be replaced in the year that its 
lifetime is reached except for those on retiring air- 
craft. A basic assumption is that retiring aircraft 
will have the oldest avionics. Thus, the number of 
retiring aircraft is subtracted from the number of 
"expiring'' avionics packages, i.e., those packages that 
have reached their lifetime. The residual is the number 
of packages that must be replaced in that year. If 
there are more retirements than expirations, the excess 
number of retirements is subtracted from the number of 
expirations of the following year (i.e., these are the 
next oldest avionics). The resulting number of avionics 
packages which must be replaced is then added to the 
number of new aircraft for the year being considered. 
This computation produces the number of packages that 
must be purchased in the given year. Further, in light 
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(4) 


of the RAANS methodology (i.e., lifetime is determin- 
istic), this number of packages will "expire" L years 
hence, and again in another L years, etc. Thus, this 
value is stored as the "number of expirations" for these 
subsequent years, up to the end of the RAANS planning 
horizon. 


The logic then processes the years from !977+L through 
the end of the RAANS time frame. This processing is 
identical to that described above, except that the age 
distribution is not used to identify expirations. 
Rather, the expiration data are obtained, as previously 
mentioned, from the purchases during the first L years. 


Avionics Purchase Rates for a Transition from a Single System 
To Another Single System 


As it relates to a particular user group, this condition is 
evidenced by purchase strategy input which prescribes that the 
user group purchases one system only through a certain year, and 
another system thereafter. The transition years are also speci- 
fied. The methodology to determine the number of packages, by 
system type purchased in each year, encompasses the following 


steps: 


(1) 


(2) 


Purchase rates of the initial system (or systems) aic 
constructed, exactly as before, throughout the system's 
purchase period. The computations performed for this 
purpose also result in the identification of the expira- 
tion rate in the subsequent years. 


The transition "base" population is computed. This is 
the number of aircraft that will complete transition and 
is computed as the number of aircraft in existence at 
the beginning of the transition (i.e., net population 

at the end of the year before transition) minus all 
aircraft which retire during the transition period. 
Again, this logic results from a deterministic assump- 
tion and implies that the aircraft owners are cognizant 
that the aircraft retirement is: prior to the shutdown 
of the initial system and therefore will not need or 
purchase the new system package. Within the current 
RAANS retrofit logic, the entirety of the base popula- 
tion is forced to transition and under no circumstances 
are more aircraft allowed to transition. This implies 
that the transition will be "100% effective;" aircraft 
owners, as modeled, do not either refuse to transition 
or relinquish IFR requirements/capabilities. 


(3) 


When long transition periods are evaluated (close to 

or in excess of the avionics lifetime), it is possible 
to have avionics expire on aircraft destinated to 

retire before the end of the transition period. These 
avionics are not replaced by the new avionics type, 
because this entails a transition of an aircraft not in 
the base population. The methodology basically ignores 
this anomaly, essentially allowing the users to obtain 
“free use" of the avionics from the date of avionics 
package expiration to the date of aircraft retirement. 
No significant impact on the cost results due to this 
phenomenon has been observed. This conclusion stems 
from the fact that the lifetimes are not truly determin- 
istic and users who would actually be faced with this 
situation would either attempt to prolong the avionics 
life (if possible at little cost), purchase used avionics 
(which would be readily available at little cost, due 

to the impending obsolescence), cease IFR flight and/or 
retire early. In any case, several minimum cost options 
would be available, which are not significantly different 
from the methodology's '"zero-cost" result. 


New aircraft (which enter the fleet during the transi- 
tion period) are not included in the "base" population. 
It is assumed that they purchase the new system and 
are therefore not “forced’ to transition. 


The model then processes the purchases of the new system 
for each year of the transition period. This is accomp- 
lished as follows: 


(a) The accelerated retrofit rate parameters are used 
to identify the minimum cumulative proportion of 
the base population which must have transitioned 
by the end of the given year. This is multiplied 
by the base population to get the cumulative number 
of aircraft. The total number of transitions 
through the previous year is then subtracted from 
this figure, yielding the minimum number of transi- 
tions for the year being considered. 


The retrofit rate parameters prescribe a two seg- 
ment cumulative distribution, which is intended to 
describe the rate by which the population would nor- 
mally transition, independent of avionics expira- 
tion considerations (i.e., transitions induced by 
pending decommissioning of the initial navigation 
system, other benefits, status, etc.). The form 

of the retrofit rate distribution is depicted in 
Figure A.19. 


(b) The number of base population aircraft which would 
ordinarily have to replace their avionics due to 
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Figure A.19 Derivation of Avionics Accelerated 
Retrofit Parameters 


avionics expiration are then determined. The ex- 
piration rate is obtained as described in the pre- 
vious scenario (based on the computations from 
Step 1). 


The methodology will effect the transition of the 
number of aircraft identified in either (a) or 

(b) above, whichever -is greater. If the expirations 
exceed the minimum requirement, then there are no 
"forced" transitions. If this is not the case, the 
methodology will force the transition of addition- 
al aircraft. It is assumed that these aircraft 
have the next oldest avionics; thus, the aircraft 
transitioned are taken from those whose avionics 
will expire in the subsequent year (or years, as 
needed). The expiration rate for the subsequent 
year(s) is then appropriately reduced. 


The number of purchases for the given year is then 
determined as the sum of the transition purchases 
and new aircraft purchases. As these purchases are 
accounted for, their associated expirations are 
tabulated to provide the expiration rate data for 
subsequent avionics replacement cycles (the life- 
time for the new avionics types need not be the 
same as the initial system; the proper new system 
lifetime is looked-up and used). 
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(4) Lastly, the methodology processes the purchases of the 
new system for the years subsequent to transition in the 
same manner as described previously for the initial 
system (i.e., via considering new aircraft and avionics 
expirations). 

For cost computation purposes (depreciation, maintenance, 

etc.), all avionics purchased remain in existence throughout their 


lifetime except where forced transitions occur. 


"Generalized" Purchase Rate Processing/Computation Logic 


As was previously mentioned, the processing logic actually 
used in the RAANS methodology is general, and is applied to both 
simple and complex implementation scenarios. The "complexity" of 
a scenario must be viewed from the point of view of a given user 
group. The two cases previously described are the two most typical 
scenarios that any user group is likely to encounter and in fact 
were the only scenarios used to produce the RAANS results presented 
in this report. However, the RAANS avionics purchase logic was 
designed to accept more complex scenarios. This generalized logic 
is summarized in the following paragraphs. 


The user groups, as currently defined, may initially have 
either one or two navigation system/avionics types, and they may 
operate in from one to four separate regions (none of the groups, 
as,currently defined, operate in all five). In the extreme, a 
given user group could buy as many as four new system types, with 
different transition periods for each, and, logically, with 
something other than a one-to-one mapping between the original 
system(s) and its (their) replacement(s). 


With one exception, the generalized processing logic is very 
Similar to the two cases just described. Avionics purchases 
are identified for each group and for each system, individually. 
This includes consideration of transitions, which can also be 
performed one group and one system at a time, exactly as before. 
The fact that a given group transitions to more than one system, 
at the same or different times, does not affect the purchase 
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logic. What is affected, however, is the identification of which 
of the original system(s) are being replaced by which of 

the new systems. This identification must be made in order to 
establish when (the rate by which) the original systems can be 
discarded. This may have an impact on depreciation and mainten- 
ance schedules, when any forced transitions are involved. 


Within the RAANS methodology, the replacement relationships 
are determined as follows. First, if the user is scheduled to 
buy a given initial system throughout the RAANS time frame, it 
is presumed to be replaceable (as in the baseline case). If this 
is not the case, the new system(s) which the user must have in 
order to permit discarding of an initial system (VOR or self- 
contained) are determined by the steps described below (VOR 
replacement will be used as an example): 


(1) The user group region(s) of operation are identified. 


(2) Of these regions, those wherein VOR is not operational 
are ignored (the residual regions are presumed to be 
the regions wherein the user group's requirements were 
being satisfied by VOR, i.e., the CONUS and/or Alaska). 


(3) The systems that the user will ultimately be purchasing 
(i.e., at the end of the time frame) are identified. 


(4) Of these systems, those which are not operational in 
the regions identified in (2) are ignored. The residual 
are the systems that the user group will buy, that are 
operating in regions where the user group initially 
needed VOR. These systems are presumed to be the neces- 
sary replacements for VOR. 


These system replacement relationships are used to determine 
the rate by which the initial system (in this example, VOR) can 
be discarded. This computation is complex, and is accomplished 
as follows for each user group and each of the two initial sys- 
tems: 


(1) The replacement systems are identified, as described 
above. 


(2) The number of aircraft that will actually make transi- 
tions to all of the replacement systems is then estab- 
lished. This is computed in the same way as the "base" 
population is computed, but encompassing a "transition" 
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period beginning with the earliest transition start 
year (of: the systems of interest) and ending at the 
latest transition end year. 


(3) Next, the rate by which the above base population will 
have all of the replacement systems is determined. 
For this purpose, the cumulative number of transitions 
to each of the replacement systems are identified (from 
the normal purchase rate computations). A table is 
then constructed by selecting the minimums of the cumu- 
lative transitions. This table is constrained not to 
exceed the "base" population from (2). These minimum 
values are the maximum numbers of aircraft which could 
potentially have all replacement systems. Since the 
methodology assumes that aircraft with the oldest 
avionics transition first, it follows (under this as- 
sumption) that this maximum value does in fact reflect 
the number of aircraft which have made all required 
transitions. 

The non-cumulative counterpart of this table is used to iden- 
tify the rate by which the existing equipment can be discarded. 
In reference to the two examples previously discussed, it 
is this logic that identifies that no avionics packages are 
discarded in the baseline case, and that there is a one-to-one 
correspondence between transitions and discards in the single 
system transition case. For user cost computation purposes, 
avionics packages discarded are presumed to be the oldest. Their 
year of purchase can be identified; therefore, also their initial 
cost. This information is needed if the unit is still being 
depreciated as of when it i= no longer needed, so that acceler- 


ated depreciation can be tabulated. 
A.2.6 Cumulative Avionics Production Cost Reduction Factor 


The avionics purchase price projected to be paid by NAS users 
will generally reflect the production base of that unit at the 
time of purchase. For avionics and similar products, the unit 
costs (in constant dollars) are nominaliy reduced by a constant 
percentage whenever the number of units produced are doubled [A4]. 
The cost of the Nth item can then be expressed as: 


‘ (2nP/2£n2) 
Cy C) N 


cost of the first item, and 


learning curve factor whose value lies between 0 
and 1.0. 


For avionics units such as those considered in this study the value 
of P should lie somewhere bewteen 0.80 and 0.90. The cost reduc- 
tion sensitivities to the value of P and production to date, N, 
are displayed in Table A.8 taken from Ref. A4. 


Based on data supplied by Mr. G.F. Quinby* (a subcontractor 
to SCI (Vt) on the RAANS project) and subsequent reviews by the 
RAANS Support Team, RST (composed of the RAANS COTR, con- 
tractor personnel and FAA personnel from the Office of Aviation 
Systems Plans - Planning Requirements Branch (ASP 120), Office of 
Systems Engineering Management - Technical Programs Division 
(AEM-200) and Systems Research and Development Service - Enroute 
Navigation Branch (ARD-330)), the learning curve factor for RAANS 
applications was established at 0.9. The resulting cost reduction 
factors' sensitivities to cumulative production base are illus- 
trated in Figure A.20. 


Subsequent discussions with the RST revealed a concern over 
the "open endedness" of the production base cost reduction factor 
approach, i.e., unit costs continue to decrease forever even 
after a very large number of units have been produced. The solu- 
tion to this problem was the application of a production base 
cutoff value, beyond which no additional cost reductions were 
achieved. The cutoff was selected based on the estimated [A5] ratios 
of the unsophisticated versions (Section 4.2) of Omega, Loran-C 
and GPS avionics unit costs relative to the costs of a comparable 
VOR unit. These ratios were estimated solely on the relative 
complexity of the units without regard to production base. 


-—_— 
G.F. Quinby is Vice Chairman, Radio Technical Commission for 
Aeronautics, Member of the Advisory Council — NBAA; Member of the 
Airport and Airways, and Statistics and Forecasting Committees — 
GAMA; former President of the Aviation Distributors and Manufac- 
turers Association; and is a Senior Vice President of NARCO Avionics. 


74 


Table A.8 


Avionics Production Cost Sensitivity Factor's Sensitivity to 
Learning Curve Factor and Cumulative Production Base 


Cy = per unit cost of Nth item relative to cost of first item. 
Cy = average cost of N items relative to cost of first items. 
P = learning curve factor 


Source: Reference A4 


Figure A.21 illustrates how the 1977 costs (Section 4.2) of 
these avionics units are expected to decline due to additional 
production, predicted on the use of a learning curve factor, P, 
equal to 0.9 and no cutoff. The unit cost of the VOR with over 
one-half million units produced through 1977 is very insensitive 
to the additional 100,000 units shown on the figure dropping 
from $1495* to $1454. GPS, Omega and Loran-C with 100 or less 
units produced through 1977 exhibit substantial reductions in their 
per unit costs with the additional production of 100,000 units. 
Specifically their cost dropped from $14,331 to $4,513; $6,708 
to $2,347; and $6,708 to $2,347, for GPS, Loran-C and Omega, 


respectively. 


* ‘ ; : : ‘ 
1977 avionics cost derivation is presented in Appendix B 
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Figure A.20 Production Base Cost Reduction Factors Relative 
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Contours of production base cutoffs are superimposed on the 
avionics unit cost trend lines (Figure A.21) to establish the 
minimum unit cost that would result for each navigation system 
avionics if the designated production base cutoff were applied. 
For the VOR all of these (dotted) lines converge on the current 
cost value, reflecting the fact that additional production base 
related cost reductions will not occur unless the cutoff exceeds 
the current number of units produced, i.e., 503,479, the location 
of the other avionics cutoff contours is determined by taking the 
designated cutoff value, subtracting the number of units produced 
to date (1977), either 50 (GPS) or 100 (Omega and Loran-C) and 
locating the resulting value on the ''number of units produced 
after 1977" scale. 


~ RAANS 1977 CONDITIONS 
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Figure A.21 Variation of Avionics Unit Cost as a Func- 
tion of Number of Units Produced After 1977 
(Least Sophisticated-Least Costly Units) 


For each of the cutoff values the ratio of GPS, Loran-C 
and Omega unit costs to VOR unit costs were developed and are 
illustrated in Figure A.22. The expected range of these ratios, 
3.0- 4.0 for GPS and 1.5- 2.5 for both Omega and Loran-C, are 
superimposed. The cutoff values which are within these limits 
range from 16,000 to 100,000 units. A cutoff of 20,000 units, 
the midpoint of the Omega and Loran-C to VOR expected cost ratios, 
was selected and used in all subsequent RAANS analysis. Curves 
of cost of the Nth unit and average unit cost of the first through 
the Nth unit reflecting the 20,000 unit production cutoff are 
presented in Figure A.23. 
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Figure A.22 RAANS Study Avionics Production Base Cutoff 
Selection Process : 
(Least Sophisticated-Least Costly Avionics Category) 
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Figure A.23 Production Base Cost Reduction Factors Relative to 
First Unit Price {Cost of Nth Unit (Cy) and 


Average Unit Cost of First Through Nth Unit (CJ 


A.2.7 Technology Improvement Cost Reduction Factor 


In addition to the production base influence (Section A.2.4), 
avionics cost will also reflect general improvements or break- 
throughs in electronics which result in lower ccsts. This cost 
reduction factor is modeled in the RAANS study as a linear function 
of time (years). 


During the past ten years, technology improvements have essen- 
tially offset inflation [A6] with respect to navigation avionics 
costs. This is equivalent to a constant dollar reduction of about 
; 44% over the last decade or an annual rate of 5.6% attributable 
to the combined affect of improved technology and increased produc- 
tion. Based on the avionics age distribution developed in A.2.3, 
the production base contribution to the $.6% rate was estimated 
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and subsequently used to isolate the remaining contributor, namely, 
the annual technology improvement cost reduction factor of 5.1% 
for use in the RAANS analysis. 


This extension of the past decade's experience into the time- 
span of the next two decades is predicated on the judgment that 
there is no presently foreseeable "bottoming" to the cost effec- 
tiveness of increasing digital technology. It is anticipated that 
some aspects of this technology may slow down somewhat compared to 
their recent pace, while others (perhaps as yet unforeseen) will 
appear and result in a compensating acceleration [A6]. 


APPENDIX B 


DEVELOPMENT OF RAANS NAVIGATION SYSTEM 
AND AVIONICS COSTS 


The material presented in this appendix develops the proced- 
ures, identifies the relevant data sources, and describes the assump- 
tions used to quantify those costs needed as input to produce the 
RAANS study results. These costs consisted of system implementation 
and recurring costs and enroute navigation avi nics component 
purchase prices for each type of navigation system evaluated. This 
appendix is divided into two parts. Part one addresses the naviga- 
tion system cost, while part two deals with avionics costs. 


B.1 NAVIGATION SYSTEM COSTS 


The implementation and recurring costs, both non-FAA and FAA, 
for each navigation system evaluated in this study, are listed in 
Table B.1. Implementation costs were divided into fourcost cate- 
gories, specifically: hardware, R&D, training and unassigned. The 
latter is a catch-all used when a cost component's application has 
not been identified. The RAANS methodology was designed to apply 
a technology improvement factor to just the hardware cost category. 
The potential also exists to apply different inflation rates to 
hardware and labor intensive cost categories. For these reasons 
and to facilitate comparing and adjusting the cost of different 
systems, an attempt was made to break the total implementation 


cost into the aforementioned categories. However, this study's 
ground rule of setting the navigation system technology improvement 
factor at zero and the annual inflation rate at 7 per cent for 

all cost components precluded the necessity of dividing the total 
costs into each of the designated components. 


As with the implementation costs, and primarily to aid in 
establishing relative cost differences, the annual recurring costs 
were divided into six components, as follows: O§M, spares 


Table B.1 
Anticipated Navigation System Costs (1977 Dollars) 


IMPLEMENTATION COSTS 
BASELINE (NON-FAA) COSTS, EXCLUDING SUNK COSTS INCREMENTAL FAA COSTS 


CURRENT NAVIGATION ADVANCED NAVIGATION CURRENT NAVIGATION ADVANCED NAVIGATION 
SYSTEMS YSTEM CANDIDATE SYSTEMS SYSTEM CANDIDATES 


Y 2 (6) 8) (3) (10) 
voutbne® | vourtae?] (2? ( ( vor/ome*| vor/ome*|] setr- | (11) 
UPGRADED | 2ND GEN. UPGRADED | 2ND GEN. | CONTAINED | LORAN-C 


IMPLEMENTATION COST, $4 


Area Independent 
Hardware 
6D 


Unassigned 


Hardware . 
R&D .... 
Training . 
Unassigned 

Total . 


Alaska 


Hardware . 
R&D .... 
Training 
Unassigned 
Total ... 


CONUS Off-Shore 
Hardwar: 
R&D .. 
Training 


Unassigned 
Total ..... 


FOOTNOTES: 


a 


(a) 2nd Generation VOR/DME Costs Nominal 
Contained in NSE File. Upgraded 
VOR/OME Cost may be Used for Special 
Scenarios. 


{b) Incorporated in CONUS Off-Shore and 
Alaska Off-Shore Costs. 


(c) 23.8 Incorporated into this Category 
to Account for Recurring Costs Larger 
than Steady State During Transision 


Alaska Off-Shore to Upgraded VOR/DME System. 


Hardware 
ROD .... 
Training 
Unassigned 


(d) 86.5 Incorporated into this Category 
to Account for Recurring Costs Larger 
Than Steady State Ouring Transition 
to 2nd Generation VOR/OME System. 


NON-FAA SUPPORTING COSTS INCREMENTAL FAA COSTS 
CURRENT NAVIGATION ADVANCED NAVIGATION CURKEN| NAVIGAI ION ‘ADVANCED NAVIGATION 
SYSTEMS SYSTEM CANDIDATES SYSTEMS SYSTEM CANDIDATES 
(6) (8) (9) (13) 
(4) D (2) Jvor/Dme® | VOR/DME’ 
LORAN-C Om GPS UPGRADED | 2ND GE 


(e) Value Reduced to 17.0 for Those 
Scenarios Where an Advanced Naviga- 
tion System is to Replace Alaska's 
2nd Generation VOR/DME System to 
Account for 6 Rather than 10 New VOR's. 


Oceanic 
Hardware 
R&D 


Training 
Unassigned 


Totai ... (f) Totals of Omega and Differential Costs. 


(q) Value Reduced to 1.36 for Those 
Scenarios where an Advanced Navigation 
System js to Replace Alaska’s 2nd 
Generation VOR/DME System, see Foot- 
note (e). 


(h) Value Reduced to 0.036 for Those 
Scenarios where an Advanced Navigation 
System is tu Replace Alaska's 2nd 
Generation VOR/DME System, see 
Footnote (e). 


[ANNUAL RECURRING COSTS, $M/YR 
Area Independent 


Charting 
Other ... 
Unassianed 

Total ... 


eoecooso 
ccoocc5Deo 


Spares Replacement 
Staff .. 


eessssss 
BS8srzEe 


Spares Replacement . 
Staff .....0.see 
Charting 
Other 
Unassigned 


Spares Replacement .. 0.00 
Staff vero 0.04 
Charting 0.05 
POF svc censee 0.00 
Unassigned ... 0.00 

Total 0.09 


nie 


Staff . 
Charting 
Other estes 
Unassigned .. 


eescose 
=3383a388 


essc9090 
coo005D0 


replacement, staff, charting, other and unassigned. The "other" 
category was established for costs that were known not tc be any of 
the first four categories, while the unassigned was used for costs 
without specific application information. 


The bases for the costs presented in Table B.1 are described 
in the following paragraphs which are keyed to the column numbers 
and row letters of that table. 


Columns 1§2: VOR/DME Upgraded and Second Generation Costs 
Since VOR/DME is the current FAA system, non-FAA costs are not 
applicable and are set equal to zero. 


Column 3: Self-Contained Baseline Costs 


Since by definition the self-contained system, e.g., INS, 
requires no external support system, the non-FAA costs were deemed 
not applicable (NA) and set equal to zero. 


Column 4: Loran-C Baseline Costs 


The assumption is made that the Loran-C baseline system is/was 
designed to serve oniy the CONUS off-shore and/or the Alaska off- 
shore areas. Expansion of the Loran-C system to serve the interior 
was considered to be an FAA incremental cost (Column 11). Hence, 
this Column (4) addresses the non-sunk costs associated with the 
Loran-C system that provides off-shore coverage. 


(4-D) Proposed Coast Guard plan identifies 10 new stations 
(exclusive of mid-continent chain) required to provide 
CONUS off-shore coverage (Figure 2-1, Ref. Bl); 


these are: 
Moses Lake Grangeville 
Fallen Raymonville 
Searchlight Malone 
Middletown Seneca 
International Falls Caribou 


Average cost per ground station including building, 
electronics, survey, land buy or lease, installation 
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ce a 


(4-E) 


(4-J) 


(4-K) 


and power plant was estimated at $6M (Ref. Bl, Section 
4.4.2). This basic baseline cost was increased by 10% 
to cover R&D, training, modifying existing (4) stations 
and other, based on the judgement of the RAANS Study 
Team (RST). 


Proposed Coast Guard plan identifies 3 new stations 
required to provide Alaska off-shore coverage (Figure 
2-1, Ref. Bl); these are: 


Tok 
Shoal Cove 
Williams Lake 


The CONUS average cost per station of $6M was increased 
to $8M to account for higher costs associated with 
remote location installations. This increase was based 
on the judgment of the RST. The same 10% factor was 
applied to cover R&D, training modifying existing (1) 
stations and other capital costs associated with sta- 
tion implementation. 


Baseline annual CONUS off-shore related recurring costs 
were based on $200,000 per new station as established 
in Section 4.4.2 of Ref. Bl. In addition to the ten 
new stations, this rate is also assumed to be applic- 
able to the four to be modified existing stations 
(Dana, Jupiter, Carolina Beach and Nantucket). The one 
remaining station, Cape Race, was costed at $300,000 
per year reflecting an improvement in operating pro- 
cedures, relative to the current costs of $400,000/year. 
Total annual baseline recurring cost for CONUS off- 
shore coverage was established at $3.1M. It was as- 
sumed that the O§&M costs noted in Ref. Bl includes 
Spares replacement, staffing, charting and other rele- 
vant cost elements. 


Baseline annual Alaska off-shore recurring costs were 
estimated in a manner similar to the CONUS off-shore 
costs with the following exceptions: new and/or modi- 
fied existing station recurring costs were increased 
from $200,000 per year to $300,000 per year. Existing 
station costs were increased from $300,000 per year 

to $375,000 per year. This resulted in an estimated 
$2,325M per year (3x0.375+4x0.3) for the recurring 
costs associated with the seven stations providing 
Alaskan off-shore coverage. 


Column 5: Omega Baseline Costs 


Since Omega is a quasi-world wide system and stations plus 


support are 


not located/implemented to provide specific area 


coverage all baseline costs are shown only in the area independent 


row, i.e., row "A", for the capital costs and row "G'" for the 
recurring costs. All cost estimates were obtained through and/or 


approved by 
(S~A) 


(5-G) 


Ref. B2. 


Implementation of an Australia station was estimated 
at between $15M and $17M. $17M was selected so as to 
attempt to account for the costs associated with the 
decommissioning of the Trinidad station. It was 
assumed that the U.S. would absorb the Australian sta- 
tion implementation cost and Australia would be 
responsible for that station's recurring costs. An 
additional $0.5M was added to the baseline hardware 
costs to account for monitor equipment. Start up R&D, 
(single event) training and other costs, primarily 
related to the replacement of the Trinidad station by 
an Australian station, were estimated at $0.6M, $0.5M, 
and $0.5M, respectively. 


Unassigned recurring costs were built up from the fol- 
lowing information: 


ANNUAL U.S. 

STATION O&M COSTS 
Argentina ....... 75,000* 
Australia ....... 0 
HAWAED sa.5.0514.6 «010 300,000 
VAPAN! sens vcocow wes 0 
La Reunion ...... 75,000% 
DADeRIa 5 6 uw sacs 3 500,900 
North Dakota .... 300,000 
NOTWAY see ccseces 293,009 


Total: 1,543,100 


"Headquarters" staff and charting were estimated at 
$0.75M and $0.15M, respectively. Long term, i.e., 
recurring, monitor related costs were estimated at 
$2.1M per year and was listed under "Other." 


—_——_ 
U.S. supplies spare parts assumed to be 25% of nominal $0.3M an- 


nual costs. 


Host country supplies balance of O&M resource 
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Column 6: Differential Omega Baseline Costs 


It is assumed that the differential portion of the Differen- 
tial Omega system would be implemented totally by the FAA. As a 
result, the baseline (non-FAA related) costs associated with the 
Differential Omega system cover only the Omega portion of the total 
system and are, as a result, identical to the values listed in 
Column (5), Omega System Costs. Care must be taken not to count 
these costs more than once for those scenarios which include both 
the Omega and Differential Omega systems, even if they are applied 
to different operating areas. 


Column 7: GPS Baseline Costs 


The baseline costs of GPS, like Omega, were considered to be 
operating area independent; as a result rows B-F and H-L are not 
applicable. 


(7-A) The costs noted in this category were taken directly 
from Table 9 of Ref. B3. 


(7-G) The annual DOD incurred GPS related cost of $127M was 
obtained from Table 34 of Ref. B3 and covers O§M and 
spares replacement. In this case it is assumed that 
the staff charting and other (including DOD monitor- 
ing) was included in the $127M figure. 


Columns 849: VOR/DME Upgraded and 2nd Generation Incremental 
(FAA) Costs 


Since the VOR/DME system was deemed non-viable for obvious 
reasons in the CONUS off-shore, Alaska off-shore and Oceanic areas, 
cost data was not derived for rows D, E, F, J, K and L. The VOR/ 
DME was assumed to be an FAA system; hence, all relevant costs 
would appear in this column (Columns 1§2, Non-FAA Costs being 
zeroed out). The implementation costs are associated with improv- 
ing the existing VOR/DME system to either the upgraded or 2nd 
generation system both in the CONUS and Alaska and adding (10) 
additional sites in Alaska. 
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Initially the VOR/DME system implementation and recurring 
costs needed for the RAANS analysis were developed based primarily 
on data obtained from Ref. B4. However, during the course of the 
RAANS study these earlier estimates were revised to reflect more 
recent testimony by FAA representatives. The actual values used 
in the RAANS study and shown in Table B.1 were defined by the RAANS 
Study Team (RST). 


(8§9-A)} The area independent, i.e., headquarter related one 
time implementation costs associated with the improved 
VOR/DME systems were typically set at less than the 
corresponding cost elements of the alternative systems, 
to reflect the availability of equipment, R&D knowledge, 
trained personnel and other factors associated with 
current VOR/DME system. For the same reasons, the 
upgraded" training costs were established at one-half 
the 2nd generation costs. 


(8§9-B) CONUS 2nd generation VOR/DME costs were divided into 
hardware and training components. These costs, defined 
by the RST, were predicated on an evolution to the 2nd 
generation option 5 + RNAV. The total costs for con- 
version to an upgraded VOR/DME were also supplied by 
the RST. 


(8&9-C) For Alaska coverage, the VOR/DME implementation cost 
was established at $20M for ten new stations at $2M 
per station plus the cost of improving 33 existing 
VOR's. The cost of station improvements in an Alaskan 
environment was estimated to be $150,000 per station 
for the 2nd generation system and $75,000 per station 
for the "upgraded" system. This resulted in Alaska 
implementation totals of $25M and $22.5M for the 2nd 
generation and upgraded VOR/DME systems, respectively. 


It should be noted that the baseline second generation 
VOR Alaska implementation cost of $25M was reduced to 
$17M in each of the alternative system implementation 
scenarios, This reduction represents a decrease from 
10 to 6 new VOR's in the Alaskan region. It is based 
on the anticipated foresight that would be used to 
minimize the number of new VOR's that would be instal- 
led if that system was scheduled for replacement. 

A similar adjustment to the upgraded VOR Alaska 
implementation costs was not necessary as all tran- 
sitions to alternative systems examined in this study 
used the second generation VOR as the initial system. 


F 
F 
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(8&9-G) The annual recurring costs presented in the "Area 
Independent" row (G) including staffing, charting and 
other are common to all systems and represent estimates 
of "headquarters" cost to support any primary civil 
Navigation system. 


(849-H) The annual steady state recurring O§M costs for the 
2nd Generation VOR/DME was set at $18.7M based on data 
listed in Table 2-4 of Ref. B5. The spares replacement 
{ annual cost of $1M as well as the total annual recur- 
ring cost of $32.5M for the upgraded VOR/DME system 
were established by the RST. 


(8&9-I) The 2nd generation VOR/DME annual recurring costs of 
$1.5M and $0.04M for O§M and spares replacement, 
respectively, were established by the RST. Applying the 

ratio of the CONUS upgraded to CONUS 2nd generation 
recurring costs to the total Alaska 2nd generation 
recurring costs of $1.54M yielded the Alaska upgraded 
annual recurring cost of $2.6M. 


When the Alaskan second generation VOR system was 

| to be replaced by an alternative system, the annual 
O&M costs of $1.5M was reduced to $1.36M and the 
Spares replacement cost of $0.04M was reduced to 
$0.036M to account for four fewer VOR's (see 8§9-C 
explanation). 


Column 10: Self-Contained Incremental (FAA) Costs 


By a study ground rule, the self-contained navigation systems, 
e.g., INS, Doppler Radar, etc., were assumed not to induce a FAA 
cost. Hence, the FAA annual recurring costs in support of the 
self-contained navigation system were set at zero. 


Column 11: Loran-C Incremental Costs 


Loran-C characteristics dictate additional station requirements 
as the coverage area is expanded. As a result there are incremental 
costs associated with each operating area with the exception of 
oceanic. It was assumed that in all cases (scenarios) Loran-C 
would not be implemented in the interior areas (CONUS and/or 
Alaska) prior to implementation in the corresponding off-shore 
area. Hence, costs associated with providing signals that are 
required for both interior and off-shore coverage were assumed to 
be borne by the first system application, i.e., off-shore, 
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(11-A) 


(11-B) 


(11-C) 


(11-D) 


(11-E) 


The costs listed in this block reflect the judgment of 
the RST and include such items as NAFEC flight testing 
and equipping 30 aircraft with Loran-C receivers at an 
estimated unit cost of $15,000 per aircraft. 


Based on Figure 2-7 of Ref. Bl, there are 15 Loran-C 

stations (excluding the proposed mid-continental chain) 

incorporated in the current USCG plan to provide CONUS 

and CONUS off-shore coverage. According to Ref. Bl, 

the 15 stations will have to be supplemented by an 

additional 16 stations (master dependent receivers) to 

provide redundant ccverage needed to satisfy civil 

air navigation requirements. It was assumed that the 

cost of these additional stations will be absorbed by 

the FAA should Loran-C be designated as the primary 

navigation system for the CONUS and CONUS off-shore 

operating regions. The division of these stations 

between the CONUS and CONUS off-shore areas is presented 

in Table B.2; Figure 2-7 of Ref. Bl illustrates their 

location. For the CONUS, 7 additional stations at 

$6M per unit (Ref. Bl, Section 4.4.2) results in an 

increment hardware cost of $42M. The $0.18M training 

cost was estimated by the RST. The "unassigned" cost 

category includes $7M for spares plus an additional 

$13.7M for dual monitor stations (of the $18.8M total 

for monitor stations in all operating areas, as estab- 

lished in Section 4.4.2 of Ref. Bl). The balance of 

the $21.5M unassigned cost, i.e., $0.8M, was estimated 

by the RST to cover publications and initial flight 

checks. 
| 
| 


The Alaska hardware cost was predicated on one addi- 
tional station whose cost was estimated at $8M (as 
opposed to $6M per station in the CONUS and CONUS off- 
shore). Training cost was minimal assuming most 
Alaska personnel were trained under the Alaska off- 
shore Loran-C program, which was to precede implementa- 
tion of interior coverage. The $2.5M unassigned costs 
includes $1M in spares plus a $1.4M cost attributable 
to monitor purchase, installation and checkout. 


Hardware costs associated with CONUS off-shore coverage 
encompasses 9 new stations (see Table B.2) at $6M per 
unit, totaling $54M. The unassigned costs of $12.5M 
includes $9M in spares and $3.3M for monitor purchase 
and installation. 


The Alaska off-shore includes one new station on the 
North Slope at the Alaska unit price of $8M. The 
training cost of $0.1M reflects training of Alaskan 
personnel for off-shore and perhaps for interior oper- 
ations if applicable. $1.5M was allocated for other 
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e lable B.2 
Division of Loran-C Stations by Region of Primary Coverage 


PRIMARY COVERAGE APPLICATION 


| CONUS | CONUS OFF-SHORE 


STATIONS IDENTIFIED IN 
U.S. COAST GUARD PLAN 


MOS@S AKO ccs c.c rece ee ce 
Raili@nivtrs.ceircce scans ces 4 
Searchlight ............ 
Middletown ........-.e0. 
International Falls .... 
Daa 2 Siereuc o Shel teres osteo aie 
Grangeville ............ 
Raymonville ............ 
Mall On @mercsrocretccietc cress ores 
JUDVECR ercracereveis o cisreretewrece 
Carolina Beach ......... 
Elmira (Seneca) ........ 
Nantuck@tt,..o% cece citecs es 
CaRDOU <i lsin.s.s-0. s)ecsceresecerers 


(11-G) 


(11-H) 


(11-1) 


(11-J) 


(11-K) 


costs which includes $1M for the initial set of spares 
and $0.4M for monitor installed cost. 


The components of (§§9-G) are also applicable to the 
Loran-C area independent cost category. 


Incremental, i.e., FAA, recurring costs were assumed 
to be associated only with the seven new stations 
required for civil air navigation (see 11-B); thus, at 
an estimated annual cost of $200,000 per station (Sec- 
tion 4.4.2 of Ref. Bl), the total becomes $1.4M/year. 
Other recurring costs of $0.69M/year to cover monitor- 
ing O&M costs was determined by taking 5 per cent of 
the CONUS monitor installed cost ($13.7M). 


The annual recurring cost per station of $200,000 in 
the CONUS was increased to $250,000 to account for 
higher Alaska costs. Hence, based on a single new 
Loran-C station (see Section 11-C), $0.25M was estab- 
lished for Loran-C station related recurring costs. 
Five per cent of the $1.4M monitor station installed 
cost, i.e., $0.07M/year, was determined to cover moni- 
tor station O§M costs. 


Nine "new" Loran-C stations required to provide civil 
air navigation redundant coverage in the CONUS off- 
shore area at $200,000/unit/year was the basis for 
$1.8M annual recurring costs relative to Loran-C 
station operation. Five per cent of the monitor sta- 
tion’s installed cost yielded the $0.18M shown in the 
"other" recurring cost category. 


The product of the Alaska annual recurring cost per 

unit of $250,000 and a single "new" unit required for 
civil air navigation coverage in the Alaska off-shore 
area produced the $0.25M/year figure shown under unas- 


signed costs. This cost was supplemented by $0.02M/year 


to account for monitor station O&M (5% of $0.4M). 


Column 12: Omega Incremental Costs 


The Omega system is potentially viable as a primary civil air 


Navigation system in all the operating areas established for the 


RAANS Study except the CONUS. However, lack of non-precision 
approach capability in Alaska may rule the Omega system out in that 
area depending on the interpretation of the system requirements 
developed under the VLF Study [B6]. 


(12-A) 


(12-C) 


(12-D) 


(12-E) 
| (12-F) 


(12-G) 


(12-1) 


(12-J) 


(12-K) 


Since no new stations were required to satisfy civil 

air navigation requirements, the FAA, i.e., incremental, 
costs were not substantial. For the area independent 
costs the RST estimated $0.6M for FAA monitor facili- 
ties installation; $2.0M for R&D (same as Loran-C 

and one-half of Differential Omega), $0.5M for train- 
ing (same as Loran-C's training cost), and $1.0M under 
"other" which includes equipping FAA aircraft (8) at 
$40,000 per aircraft, flight test, publication, etc. 


$1.5M has been allocated by the RST to cover initial 

flight tests and development of publication format for 
Alaska operational area. RST set training costs at 
0.2M. 


$3.5M was estimated by the RST as the funding necessary 
for initial CONUS off-shore flight tests and publica- 
tions. RST set training costs at $0.4M. 


The activities described in (12-C) in the Alaska off- 
shore area require $0.5M as estimated by the RST. 
Training costs were set equal to Loran-C training 
costs of $0.1M. 


The activities described in (12-C) when implemented in 
the oceanic area of operations will require a $0.5M 
annual funding level, as estimated by the RST, with an 
additional $0.1M allocated for training costs. 


These area independent FAA incurred costs were esti- 
mated by the RST to be common for each primary air 
Navigation system. Thus, the values for Omega are 
identical to those previously addressed for VOR/DME 
(8§9D) and Loran-C (11-D). 


Area related recurring charting costs were estimated 
at $0.05M/year for each primary navigation systen- 
operating area combination. Staffing was established 
at $0.02M/year, predicted on the assumption that the 
Alaska off-shore staffing (12-K) would precede that 
required for the interior and would be applicable to 
both off-shore and interior duties. 


As described in (12-I), area dependent recurring chart- 
ing costs were fixed at $0.05M/year/area. Staffing | 
was estimated to be one and one-half that required 

for both Alaska and Alaska off-shore operations, i.e., 
$0.09M/year. 


As previously mentioned, charting costs were estimated 
at $0.05M/year. Staffing for Omega Alaska off-shore 
was estimated by the RST to be $0.04M/year. 
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(12-L) As previously mentioned, charting costs were estimated 
at $0.05M/year. Staffing recurring costs were esti- 
mated to be equivalent to the sum of Alaska and Alaska 
off-shore costs, i.e., $0.06M/year. 


Column 13: Differential Omega Incremental Costs 


The costs presented in this column are the sum of the Omega 
system costs (Column 12) plus the additional costs, if any, related 
to the installation and operation of the differential stations. 

These differential station costs were assumed to be solely a FAA 
responsibility; thus, differences between the Omega and Differen- 
tial Omega costs appear only in the incremental FAA cost sections of 
Table B.1. Care must be taken not to include the Omega related 
costs twice in the event that both the Omega and Differential Omega 
systems are simultaneously designated as primary air navigation 
systems in either the same or different operating areas in which 
case the costs of 13-A and 13-G should be modified. If both 
systems are designated primary in (1) Alaska, then the costs of 
Section 13-C and 13-I should be adjusted; (2) CONUS off-shore, then 
the costs of Sections 13-D and 13-J should be adjusted; and/or 

(3) Alaska off-shore, then the costs of Sections 13-E and 13-K 


should be adjusted. 


(13-A) Cost of hardware, R&D and training were estimated by 
the RST to be twice those estimated for Omega, Section 
(12-A). The $1.5M "unassigned" cost includes avionics 
for 8 aircraft at $60,000 per aircraft totaling $0.48M. 


(13-C) Hardware costs were based on an estimated 12 Alaska 
differential stations at $140,006 per station resulting 
in a $1.68M total. The CONUS station unit cost of 
$100,000 was increased to $140,000 by applying the same 
ratio of Loran-C CONUS to Alaska station costs ($5M to 
$7M). Initial training costs were also scaled to the 
number of stations at $50,000 per station resulting in 
a $0.6M for the Alaska area. Those costs are substan- 
tially higher than the corresponding Loran-C cost be- 
cause the differential portion of the Differential 
Omega system was assumed to be an exclusive FAA system 
deriving no support from other sources. The other 
costs were estimated by the RST to be twice the corres- 


ponding Omega cost. 
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(13-D) As estimated by the RST, 22 differential stations 
would be required to support Differential Omega opera- 
tions in the CONUS off-shore area. The resulting hard- 
ware costs of $2.2M were based on a per station cost 
of $100,000. As mentioned in (13-C), initial training 
costs were estimated at $50,000 per station rate result- 
ing in a total of $1.1M. "Unassigned" costs were 
assumed to be double those identified for the Omega 
system, i.e., $7.0M. 


(13-E) Hardware costs of $0.56M were based on four differen- 
tial stations at $140,000 per station. Initial train- 
ing costs of $0.2M represent the product of four sta- 
tions and a training cost rate of $50,000 per station. 
The "unassigned" cost of $1.0M was based on the RST 
ground rule of doubling the corresponding Omega "unas- 
Signed" cost. 


(13-G) The values of $0.5M, $0.1M and $0.5M reflect a con- 
sistent set of FAA area independent costs, see Sections 
(8, 9, 11, and 12-G). 


(13-1) Incremental (FAA) differential O§M costs were predicated 
on the number of differential stations being operated 
to provide coverage in a given area. O&M cost per 
differential station was established by the RST at 
$20,000 per year for CONUS off-shore operations and 
$40,000 per year for Alaska and Alaska off-shore opera- 
tions. For this Section (13-1), the resulting O&M 
costs were (12 x$40K) $0.48M per year. The spares 
replacement costs were estimated by the RST to be 
$20,000 per year per differential station, independent 
of the operating area. With the 12 differential sta- 
tions required to support Alaska interior operations, 
the annual spares replacement cost came to $0.24M/year. 
Recurring staff costs were proportioned according to 
the number of differential stations in an operating 
area. The total staffing for Differential Omega should 
tend to be slightly higher than the corresponding costs 
estimated for either Loran-C or GPS since the differential 
element of the Differential Omega system would be an 
exclusive FAA operation with no (staffing) assistance 
from other agencies. A staffing cost number of $5000/ 
year/station and $7500/year/station was selected by the 
RST for CONUS and Alaska operations, respectively. 
Thus, the Alaska Differential Omega annual staffing 
costs were estimated at ($7500 x12) $0.09M/year plus 
the $0.2M established for Omega staffing (12-1) or 
a total of $0.11M. Charting costs were estimated by 
the RST to be the same as those for Loran-C and GPS, 
namely $0.5M. 
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(13-J) 


(13-K) 


Column 14: 


The GPS system is a DOD satellite navigation system expected 
to provide coverage in all five RAANS operating regions. 


(14-A) 


(14-B) through (14-F) Area related hardware and R&D costs 


(14-G) 


(14-H) through (14-L) The charting cost of $0.5M/year/area 


a 


O&M costs were estimated to be ($20,000 x22) $0.44M/ 
year for the 22 differential stations necessary for 
CONUS off-shore operations (see Section 13-I for explan- 
ation of this and other Section 13-J cost elements). 
Annual spares replacement costs ($20,060 x22) came to 
$0.44M/year. Staffing costs ($5,000 x22) plus Omega 
staffing was established at $0.20M/year. Charting 

costs assumed to be navigation system independent were 
estimated at $0.05M/year/area/navigation system. 


O&M costs were estimated at ($40,000x4) $0.16M/year 
for the four differential systems needed to support 
Alaska off-shore operations. Spare replacement and 
staffing costs were set at ($20,000 x4) $0.08M/year and 
($7,500 x4 plus Omega's $0.04M) $0.07M/year, respec- 
tively. Charting was again estimated at $0.05M/year. 


GPS (Nominal) Incremental Costs 


The RST estimated that $5.0M would be required for FAA 
R&D should GPS be selected for a primary civil air 
navigation system in one or more of the RAANS Study 
areas. "Headquarters" training cost of $0.5M is com- 
patible with the training costs established for each 
of the other systems. The "unassigned" cost category 
includes equipping 50 aircraft with GPS avionics at 
$66,000 per aircraft. 


were assumed to be zero for the FAA. Training costs 
were estimated at $1.5M, $0.2M, $0.4M, $0.1M, and $0.1M 
for the CONUS, Alaska, CONUS off-shore and Oceanic 
areas, respectively. Unassigned costs were set equal 
to the corresponding Loran-C unassigned costs, less 
Loran-C initial spares cost and covers the cost of the 
GPS system monitors, flight test and establishing 
initial charting format development. Oceanic unassign- 
ed costs, Section 14-F, were estimated by the RST to 

be $0.5M. 


The area independent annual costs for staff, charting 
and other were set equal to those of the other air 
navigation systems. 


($1.0M/year in the CONUS) follows the costs for this 
item established for the other air navigation systems. 
The staffing recurring costs reflects the judgment of 
the RST and directly parallels the Omega staffing 
requirement. 
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B.2 DEVELOPMENT OF RAANS AVIONICS COSTS 


Current Systems 


The costs for current navigation system avionics components, 
i.e., VOR, DME, RNAV, INS and other self-contained, were predicated 
on the prevailing purchase prices of representative models. These 
prices were then adjusted as shown in Column 4 of Table B.3 to 
eliminate the non-enroute navigation subsystem costs, i.e., marker 
beacon and glideslope, for the VOR (B), (C) and (D) representative 
models. These price adjustment factors as well as the estimated 
avionics population, were furnished by Ref. B7. The estimated 
price of the 20,000 and subsequent produced avionics component of 
the same grade (A, B, C or D) were derived through the use of 
the RAANS production base cost reduction factor methodology 
(described in Appendix A). 


Alternative Systems 


Since, for the alternative systems, there was not a sufficient 
number of models on the market to permit selection of a viable 
representative for each component grade (A, B, C, and D), an 
approach different from that utilized for the current system had 
to be devised. This approach first established representative 
costs (from a variety of sources) for representative low* (Grade 
(A)) and high* (Grade (D)) cost avionics components for each system 
alternative. Then the (B) and (C) grade costs were established 
by adding a predetermined per cent of the difference between the 
minimum and maximum costs to the minimum costs. The location of 
these (B) and (C) grade percents are illustrated in Part II of 
Figure B.1. Part I of that figure depicts the comparable distri- 
bution of the selected "current system" VOR's by grade. In that 
case, the (C) grade is substantially different than the location of 
the (C) grade "alternative system.'"' However, the location of the 


-—— 
These components are intended to represent the price range of 


units filling the low and high cost segments of the avionics mar- 
ket. They are not intended to be the minimum or maximum cost 
models available. i 
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Table B.3 


Estimated RAANS Avionics Component Costs for 
Current Navigation Systems 


ESTIMATED J EST. PRICE 
NUMBER OF 20,000 & 
PRODUCED | SUBSEQUENT 
TO DATE UNITS 


NO. OF | POPULATION 
ACTIVE | ADJUSTMENT 
FACTOR 


1977 
PRICE 


PRICE ADJUSTMENT 
FACTOR 


148,082 503,479 


$650 + (0.6) $1,590 
(Elimination of 
Integral MB & GS) 


VOR (C) | BENDIX $ 4,740] 0.70 (Elimination 
RVA-33A of Integral MB & 
GS) 
COLLINS 0.70 (Elimination 
VIR~30A 


of Integral MB & 
GS) 
DME (C) | BENDIX 
OME - 2030 
COLLINS $ 10,000 
RNAV (B)} KING $ 2,295 
KN-74 
RNAV (D)} JET $ 12,998 
DAC - 2000 
INS DELCO / LITTON |$110,00 
C-1VA / LTN-201 


$ 25,000 


43,558 


19 886 $ 3,947 


$ 9,422 
8,500 $ 2,015 
$ 6,677 


$ 10,000 


$ 2,295 8,500 


-” 


12,998 


nm 
o 
= 
So 
co 


Sad 


12,998 250 


i) 


$110,000 468 
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CURRENT NAV SYS WITH OMEGA SUBSTITUTION FOR SELF-CONTAINED BY RAANS AVIONICS 
CATEGORIES 


O-@O-20O—_® 


CURRENT NAV SYS WITHOUT SELF-CONTAINED BY RAANS AVIONICS CATEGORIES 


ALTERNATIVE NAV SYS BY RAANS AVIONICS CATEGORIES 


ALTERNATIVE NAV SYS COMPONENTS BY RAANS GRADE 


CURRENT NAV SYS VOR COMPONENTS BY RAANS GRADE 


20 
PER CENT OF MIN TO MAX PRICE RANGE 


Figure B.1 Enroute Navigation Avionics Distribution Over Range 
from Min to Max Cost by RAANS Avionics Component 
Grade (A-D) and Avionics Category (1-10) 
(Common Production Base All Components) 


i 
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alternative system (B) and (C) grade components on the min to max 
per cent scale of Figure B.1 was predicated not upon matching the 
corresponding current component locations such as the VOR, but 

in attempting to consistently duplicate the min to max cost divi- 
sions of the RAANS avionics categories. As can be inferred 

from Table B.4, only RAANS avionics categories 3, 4, 5 and 6 can 
be affected by the cost, i.e., min to max location, of the (B) 
and (C) grade components depicted in Figure B.1. Ideally, alter- 
native components (B) and (C) would be located so as to produce 
category 3-6 min to max per cent locations (Figure B.1, Part IIT) 
comparable to those of the current systems (Figure B.1, Part IV). 
The selected (B) and (C) locations accomplish this objective with 


the exception of avionics category 6. 


In the current VOR system, the composition of category 6 is 
identical to category 4, except that category 6 also has a single 
(C) grade RNAV. Since each of the alternative systems provide an 
RNAV capability at no additional cost, it was deemed appropriate 
to provide a relative cost reduction for the category 6 users. 

The option of increasing the Grade (C) min to max per cent location 
to force comparable category 6 locations would result in a mismatch 
of the avionics category 4 locations which encompasses a larger 
user group, and was therefore believed to be a less acceptable 
alternative. Parts V and VI of Figure B.1 are presented primarily 
for reference purposes, as their user populations are considerably 
smaller than those of Part IV. The clustering of many categories 
on the low end of the min to max per cent scale of Part V is 
attributable to the high cost of dual and triple INS components 
used in categories 8 and 9, respectively. 


The procedure used to estimate the alternative systems' (A) 
and (D) grade component costs generally involved the following 


steps: 


(1) Identify a representative model (preferably one that is 
in production but if not possible, use proposed model). 


(2) 


(3) 


(4) 


The 


Table B.4 


Composition of RAANS Avionics Categories By 
Alternative Navigation System Component Grade 
and Number of Components 


AVIONICS RAANS AVIONICS CATEGORIES 


COMPONENT 
ep ete ets 


Determine the manufacturer's quoted price for each of 
these models and the corresponding production base. 


Estimate an "equivalent" (and perhaps fictitious) number 
of units produced to date for use in the production base 
cost reduction factor computations. These estimates were 
developed by the RAANS Study Team (RST). These estimates 
were made with the knowledge that the first purchase of 
civil avionics versions may in some cases, i.e., GPS, 

not take place until 1985. 


Using the RAANS avionics production base cost relation- 
ships, adjust the manufacturer's price (Step 2) to be 
consistent with the RAANS estimated number of units 
produced to date (Step 3), thereby producing a "RAANS 
1977 price." 


results of this procedure are presented in Table B.5. 


The representative (A) and (D) grade models selected for each 
system are identified in column two. The third and fourth columns 
present the "manufacturers price" and the corresponding production 
base, respectively. The required RAANS study inputs are presented 
in the last three columns. 
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Table B.5 
Alternative Navigation Systems' Component Cost Derivation 


COMPONENT GRADES A AND D COST DATA SOURCE RAANS STUDY INPUT ESTIMATES 


eid Ic E + 
COMPONENT NUMBER | PRICE OF 
BY RAANS REPRESENTATIVE AVIONICS OF UNITS | 20,000TH AND 


UNIT OR OTHER COST DATA 


(GRADE) REFERENCE 


PRICE }PRODUCED } SUBSEQUENT 


N 


Loran-C (A) 


TO DATE UNITS 
Reference "Evaluation of Loran-C 
for Domestic Air Navigation" 
(Basic Unit + 2 Waypoint System 


$ 2,000 | 100,000 $5,715 100 
+ + 
700 1,000 993 100 
With Coordinate Conversion) 5 6,708 100 $ 2,998 


B Interpolation Between RAANS Grade 
Loran-C (C) Interpolation Between RAANS Grade 
Loran-C (0) | Teledyne TOL 424 | $25,000 | 100 | $17,617 | 1,000 $11,173 


Kea i, a FE 
Kenai (5 al ce CT AU 
cs a ME) 
sea ewerree | Paar] oe [om 


Differential | Currently Available Low Cost $ 7504100,000*; $ 750 4100,000 
Omega (A) ADF Plus Qmega (A) Price + 
6,708 | _—-100 
57,458 § 3,748 
$ 766 {100,000 
+ 
7,937 100 


$ 1,000 | 100,000 


Interpolation Between Diff. (H) 


Differential 
& (0) Grades Plus Omega (B) Price 


Omega (8) 


Differential 


Interpolation Between Diff. (H) 
Omega (C) 


& (0) Grades Plus Omega (C) Price 


One-Half Cost of Collins ADF-OF 
206 Plus Omega (0) Price 


Differential 100,000 


_ 1,000 


$12,173 


86 ,000 


Maanavox Unit ........... cece eee ; 
15,000 


Omega (0) 
ROCKWELT UNITE c. veicctcecenaeaae 
(Price Reflects Average of Ist 
to Nth Units - RAANS Price Based 
On Average of Magnavox and 
Rockwell Costs) 


GPS (A) 

peer Interpolation Between RAANS Grade a a $16,704 me $ 6,719 
A) & (D) 1977 Price 

GPS (C) Interpolation Between RAANS Grade 0 10,24 
(A) & (D) 1977 Price 

GPS (0) Average of Loran-C and Omeoa Grade $57 ,680 $23,201 
(D) to Grade (A) Ratios** Applied 
to GPS Grade A Value 


“predicated on ADF Production Base 

7 

i Loran-C as noted above, Omega based on Loran-C (A) and Bendix ONS-25 for Grade (0D) 
*1977 Dollars 


($13,161) 


($15,501) 
14,331 


$ 5,765 


The price of Omega units were set equal to their Loran-C 
grade equivalents reflecting the opinion of the RST that these 
two systems should ultimately be comparably priced. The differ- 
ential Omega prices include the corresponding grade Omega unit 
plus an ADF equivalent to provide the differential correction 
update. The 100,000 unit differential unit production base was 
predicated on the ADF production experience since the same tech- 
nology would be involved. The GPS (D) unit price was derived 
by ratioing up the GPS (A) unit price. This ratio was the average 
of the Loran-C (A) to Loran-C (D) and Omega (A) to Omega (D) 
prices where, in this case (unlike the unit used in Table B.5), 
the Bendix ONS-25 was used for the Omega (D) unit. 


The (B) and (C) grade component costs were determined through 
application of the (B) and (C) min to max per cent locations 
displayed in Figure B.1, Part II. 


All of the resulting input data, i.e., 1977 unit price and 
production base of Table B.5, were approved by the RAANS Study 
Team for use in this study. These values should be treated as 
the "best interim estimates" recognizing, indeed expecting, these 
values to be refined with the passage of time as the civil avionics 
units in each grade evolve toward full production status. 
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APPENDIX C 


BACKUP STUDY RESULTS 


The material comprising this appendix consists of four tables, 
one set of five figures, and one set of ten figures. Table C.1* 
lists the percent change in 1978-2005 cumulative present value user 
costs from the nominal baseline case values for each implementation 
scenario-navigation combination run in this study, for each of the 
23 user groups distinguished by type of operation and operational 
region. A portion of these data (the nominal scenarios) were used 
to construct Figure 6.9 of Volume I. Table C.2*, in the same 
format as Table C.1, presents the actual cumulative present value 
costs incurred by each of the 23 user groups. 


Figures C.1 through C.5 illustrate the cumulative number of 
avionics packages purchased between 1978 and 2005, by type of navi- 
gation system for the nominal baseline; Differential Omega; 
Loran-C; GPS plus low cost VOR avionics users in the CONUS and 
Alaska; and GPS, respectively. 


Figures C.6 through C.15 identify the time sensitive varia- 
tion in avionics package price considering technology improvement 
cost reduction factor, production base related cost reduction and 
inflation based on the nominal baseline, differential Omega, Loran-C, 
GPS and GPS plus low cost VOR implementation scenarios for each of 
the 10 RAANS avionics categories, respectively. 


Table C.3* is the set of summary computer printouts for each 
of the navigation system-implementation scenarios run in this 
study using nominal conditions/characteristics. Table C.4* is a 
comparison set of summary printouts for each of the sensitivity 
cases run. The changes that correspond to the case numbers of 
Table C.4 are defined in Table 6.2 of Volume I (by run numbers 
which are equivalent to Table C.4 case numbers). 


% ; 
Computer printout costs of Tables C.1-C.4 are in thousands of 
dollars. 
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Table C.1 Percent Change of Cumulative User and FAA Costs (After Tax 
TYPE OF OPERATION 


OPERATING 
REGIONS AIR CARRIER AIR TAXI 


oe eae 
X 
meee 2 ot te re he) me 
me Per ee he | 


TG) es SN a A Ee ea Re a 2 ae 
CC A RR PA LR CTT) 
“00.00 


100 | CASH : 00.00 00.00 00.00 00.00 00.00 00.00 00.00 00.00 00.00 


00.00 00.00 
OUTLAY 3 : 00.00 00.00 00.00 00.00 00.00 00.00 00.00 00.00 
ie BASELINE ‘ 56.83 24.35 00.00 12.53 00.00 00.00 0.92 00.00 0.24 


8 88888 sss 
2xzazs |sssssisss 


RS: 


i 
' 
j 


ao 


WrRwWwOoannoe 


Si. 


PRESENT 
VALUE 
BASELINE 


PRESENT 


ENTIAL 


PRESENT 
VALUE 


409 } pResENT 
402 | * 


~~ 


es a 


DPERATION 
“00.00 


>| 00.00 | 00.00 00. 00.00 | 00.00 | 00.00] 00.00] 00.00 | 00.00 00.00 
> | 00.00 | 00.00 00. 00.00 | 00.00 | 00.00} 00.00} 0.00 | 0.00 00.00 
0.92 | 00.00 00. 00.00 0.93 | 30.90 0.59] 00.00 | -0.11 0.87 


"RELATIVE TO BASELINE SECOND GENERATION VOR/OMEGA SELF CONTAINED NO TRANSITION CASE (RUN 100) 


Sent Value) Through the Year 2005* — $000 
TYPE OF OPERATION 


se 
OST 


00.00 00.00 00.00 
00.00 00.00 00.00 
00.00 -0.11 0.87 


A SELF CONTAINED NO TRANSITION CASE (RUN 100) 


Table C.2 Cumulative User and FAA Costs 


TYPE OF OPERATION 


OPERATING 
REGIONS 


AIR TAXI 


AIR CARRIER 


asa [| 
oceans [—__] 
feos 0s. | 
Cs 


l2u435006 
12035566 
12635066 


167530. 
16733u.6 
16735. 


196909. 
1969096 
196959, 


1291766 
1291766 
1455576 


2outs, 
256156 
59556. 


OUTLAY 
BASELINE 


cee 
cast 
ues 


2013¢e6 
201079 
2007S)» 
200CKK. 
200765. 


1574534. 
167634. 
167334. 
1673335. 
1673556 
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12055196 
12AUSS1G~ 
120355176 
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Su7ole 
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75551, 110837.] 163920, 191674, f P3Ut1SI~ 
725506 1119566] 255158. 2663766 bebe 
708756 110019e| 154861. 1972006 (2eaaTe 
717308. 119235. | 19080i6 1992026 | eee. 


150397. ¢€2041. 199Ho16.] S60771- 397005. 

2040011. 29374, 270 7T6Us.| 300c7e~ 58ST bu. C47T390U6 
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VEmO4ue 21o'3. 173ie210]| 4ObSdd. UBNOOT. F 22799566 
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$0353. 
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O7B i. 
oT8G. 
$4725. 


PRESENT 
VALUE 
BASELINE 


1102536 
S102536¢ 
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PRESENT 419636 476626 
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s1ugSue 
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BASELINE SCENARIO - SECOND GENERATION VOR/OMEGA UTILIZED FOR 
SELF-CONTAINED AT LEAST THROUGH THE YEAR 2005. 
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Figure C.1 Run 100 — Cumulative Number of Navigation Avionics 
Packages Purchased by Type of Air Navigation System 
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IMITIAL BASELINE CONDITIONS TRANSITIONING TO DIFFERENTIAL OMEGA IM ALASKA AMD ALASKA | 
OFF-SHORE BETWEEN 1965 AND 1994, DIFFERENTIAL OMEGA IMPLEWENTATION OCCURS BETWEEN 1980 AMD 1984. | 


WOTE: SELF-CONTAINED NAVIGATION SYSTEMS ARE ASSUMED TO USE 
{ OMEGA AVIONICS. 
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Figure C.2 Run 202 — Cumulative Number of Navigation Avionics 
Packages Purchased by Type of Air Navigation System 


j INITIAL BASELINE CONDITIONS WITH ALL USERS, ENCEPT THOSE WITH LOW COST MAVIGATION AVIONICS 
1 WHO OPERATE ONLY 18 THE CONUS AND/OR ALASKA, TRANSITIONING TO GPS BETHEEN 1990 AND 1999. 
j 0.9 GPS IMPLEMENTATION OCCURS BETWEEN 1965 AND 1909. 
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CUMULATIVE NUMBER OF NAVIGATION AVIONICS PACKAGES PURCHASED FROM JAN. 1, 1978 THRU SPECIFIED YEAR x 10° 
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Figure C.4 Run 407 ~ Cumulative Number of Navigation Avionics 
Packages Purchased by Type of Air Navigation System 


COMDITIONS TRANSITIONING TO GPS IN ALL REGIONS BETWEEN 1990 AND 1999. 
UWPLEMENTATION OCCURS BETWEEN 1965 AND 1969. 
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Figure C.5 Run 403 — Cumulative Number of Navigation Avionics 
Packages Purchased by Type of Air Navigation System 


The projected avionics package purchase prices by year and operat- 
ing region are presented in Figures C.6 through C.15 (cone for each 
of the ten RAANS avionics categories). The relative cost of each 


system's avionics, for a given category, can be determined from 
these data. For example, the costs of category 1 (low cost) avi- 
onics are displayed in Figure C.6. Two systems make up the base- 
line systen, vor (a) in the CONUS, Alaska and CONUS plus Alaska 
operating region and Omega (2) for Alaska plus Alaska off-shore 
operations. Category 1 avionics users do not operate in either 
the CONUS off-shore and/or Oceanic regions; hence, no systems are 
indicated for region combinations that include these operations. 


The nominal differential Omega scenario provides differential 
Omega G) coverage for Alaska and Alaska off-shore, retaining VOR (1) 
for CONUS operations and requiring both VOR and differential Omega 
avionics @) for CONUS plus Alaska operations. 


The nominal Loran-C scenario utilizes Loran-C category 1 
avionics G) in all applicabie operating regions. 


The nominal GPS scenario utilizes GPS category 1 avionics ©) 
in all applicable regions. 


The nominal GPS plus low cost VOR scenario provides GPS @ 
for Alaska and Alaska off-shore operation while retaining the low- 
cost (category 1) VOR for CONUS, Alaska and CONUS plus Alaska 
operations. 


The shape of the price curves shown in this set of figures 
reflect the nominal 1977 avionics price, number of units estimated 
to have been produced by that date, number of packages purchased 
from 1978 through 2005 for the stipulated scenarios, technology 
improvement factor and inflation. The VOR curve G@) of Figure C.6 
reflects only inflation and technology improvement factor, since 
the number of category 1 VOR's produced to date exceeded the RAANS 
established production base cost reduction threshold of 20,000 
units. All other curves on this figure indicate an initial 
price drop reflecting the influence of the production base cost 
reduction factor, this influence continues until the 20,000-th 
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AVIONICS PURCHASE PRICE, $ (000) 
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INFLATION 7% PER YEAR TECHNOLOGY IMPROVEMENT COST REDUCTION = 5.12 PER YEAR 
PRODUCTION BASE COST REDUCTION THROUGH 20.000TH UNIT 
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Figure C.6 Projected Avionics Category 1 Package Price by 


Operating Region and System Alternative 
(Nominal Implementation/Transition Scenarios) 
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INFLATION 7% PER YEAR TECHNOLOGY iMPROVEMENT COST REDUCTION = 5.1% PER YEAR 
PRODUCTION BASE COST REDUCTION THROUGH 20.000TH UNIT 
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Figure C.7 Projected Avionics Category 2 Package Price by | 
Operating Region and System Alternative | 
(Nominal Implementation/Transition Scenarios) | 
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INFLATION 7% PER YEAR TECHNOLOGY IMPROVEMENT COST REDUCTION = 5,1% PER YEAR 
PRODUCTION BASE COST REDUCTION THROUGH 20.000TH UNIT 
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Figure C.8 Projected Avionics Category 3 Package Price by 
Operating Region and System Alternative 
(Nominal Implementation/Transition Scenarios) 
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Figure C.9 Projected Avionics Category 4 Package Price by 


Operating Region and System Alternative 
(Nominal Implementation/Transition Scenarios) 
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4 INFLATION /4 PER YEAR TECHNOLOGY IMPROVEMENT COST REDUCTION = 5.]% PER YEAR 
q PRODUCTION BASE COST REDUCTION THROUGH 20.000TH UNIT 
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Figure C.10 Projected Avionics Category 5 Package Price by 
Operating Region and System Alternative 
(Nominal Implementation/Transition Scenarios) 
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INFLATION 7% PER YEAR TEHCNOLOGY IMPROVEMENT COST REDUCTION = 5,12 PER YEAR 
PRODUCTION BASE COST REDUCTION THROUGH 20,000TH UNIT 
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Figure C.11 Projected Avionics Category 6 Package Price by 


Operating Region and System Alternative 
(Nominal Implementation/Transition Scenarios) 
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INFLATION 7% PER YEAR TECHNOLOGY IMPROVEMENT COST REDUCTION = 5,1 PER YEAR | 
PRODUCTION BASE COST REDUCTION THROUGH 20-000TH UNIT 
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Figure C.12 Projected Avionics Category 7 Package Price by 
Operating Region and System Alternative 
(Nominal Implementation/Transition Scenarios) 
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INFLATION 7% PER YEAR TECHMOLOGY IMPROVEMENT COST REDUCTION = 5,12 PER YEAR 
PRODUCTION BASE COST REDUCTION THROUGH 20,000TH UNIT 


PACKAGE PRICES, $x10°, INFLATION & TECHOOLOGY INCLUDED 
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Figure C.13 Projected Avionics Category 8 Package Price by 
Operating Region and System Alternative 
(Nominal Implementation/Transition Scenarios) 
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PRODUCTION BASE COST REDUCTION THROUGH 20,000TH UNIT 
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Figure C.14 Projected Avionics Category 9 Package Price by 
Operating Region and System Alternative 
(Nominal Implementation/Transition Scenarios) 
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INFLATION 7Z PER YEAR TECHMOLOGY IMPROVEMENT COST REDUCTION = 5.1% PER YEAR 
PRODUCTION BASE COST REDUCTION THROUGH 20,000TH UNIT 
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Figure C.15 Projected Avionics Category 10 Package Price by 
Operating Region and System Alternative 
(Nominal Implementation/Transition Scenarios) 
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unit is produced. The initial difference in the GPS price trends 
©) and @ can be attributed to the different GPS buy rates 


associated with the GPS and GPS plus low cost VOR scenarios, 
respectively. 
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APPENDIX D 
COMPLETE LIFE CYCLE COST MODEL PRINTOUT 


This appendix presents a complete listing of the output made 
available by the Navigation System Evaluator (NSE) life cycle 
cost model. This example listing is that obtained from the 
nominal GPS scenario, specifically run number 403, which is charac- 
terizea 2s follows: 


(1) VOR is initially operational in CONUS and Alaska. 
(2) Omega is presumed operational in off-shore and oceanic. 


(3) Second generation VOR is implemented as per baseline 
Run 100 schedules. 


(4) GPS is implemented in all regions between 1985 and 1989. 
(5) All users transition to GPS during the 1990-1999 period. 


In this example execution of the NSE model, all available model 
output, with the exception of the voluminous detailed user output, 
was requested. Virtually any combination of these outputs may be 
selected by the model user for a given run. Typically, the user 
would select only that output required for verification of the 
input values and tabulation of the summary results. 


This appendix provides a written description of each output 
format on the page preceding the first display of that format. 
Please note that the page numbers referenced in these descriptions 
are the printout page numbers provided by the NSE, not those of 
this appendix, and all costs are in thousands of dollars. 


NSE Pages 1-3: Input Card Listing 


The NSE lists all input cards, in the exact format in which 
they are punched. This facilitates validation of the input after 
the run has been made. 


All cards with the letter 'C' in the first column are user 
comment cards. Comment cards may be placed anywhere in the input 
deck; they are ignored by the processing logic. Comment cards 
can therefore be used to describe the scenario, to describe why 
and how changes were made to the nominal (pre-stored) data, and 
to provide written reminders of the specific input card contents 
and format. 
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NSE Page 4: Title Page 


The title page contains several of the basic run parameters, 
in addition to the scenario title (which appears on this page as 
well as all other printout pages). These parameters include: 


(1) 
(2) 
(3) 


(4) 


number of years for which the model is run; 
discount rate (used for all present value computations); 


inflation rate (applied as an annual rate to all user 
and FAA costs); and 


technology rate; for each system, and for the users and 


FAA separately (this is applied annually to all hardware/ 
avionics costs). 
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NSE Page 5: Scenario Summary 


The scenario summary page presents the years of implementa- 
tion and operation for each of the six systems in each of the five 
| regions. 
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NSE Pages 6-9: System Cost Summary 


The system cost summary contains a complete listing of all 
radio navigation (source) system costs (i.e., government costs). 
Pages 6 and 7 present the non-FAA costs;* pages 8 and 9 present 
the FAA (incremental) costs. These costs reflect the nominal 
(pre-stored) data, altered as appropriate based on the input deck. 


The costs are subdivided by system, region and cost type. 
The cost types include implementation and annual operating costs, 
with further subdivisions for training, R&D, etc., as shown. The 
"unassigned" cost category is used to account for cost estimates 
obtained for which data to support categorization by type is not 
available. The implementation costs are "total" values yet to be 
expended, i.e., future costs (the rate of expense by year is 
derived by a separate input, shown later). The recurring costs 
are constant annual values (affected by inflation and technology). 
All costs shown are in base year (1977) dollars. 


The region subdivisions include a "fixed cost" category, as 
‘well as region-peculiar cost categories. The fixed cost category 
is designed to reflect those costs which must be incurred if the 
system is implemented, independent of where it is implemented. 
R&D costs, for example, are generally "fixed costs," as are Omega 
hardware costs. Loran-C hardware costs, on the other hand, are 
mostly region-peculiar costs. The intent of dividing the costs 
in this manner is to permit full accounting of costs, without 
double counting. If a system is implemented in any region, the 
total costs are derived as the sum of the fixed costs and the 
costs associated with each of the regions wherein it is implemented. 
If the costs are properly allocated within the categories, accurate 
accounting should result whether a system is implemented in only 
one region, or in all five regions. 


® ; ; r 
Please note that the non-FAA costs were not included in this 
study's results, i.e., FAA share of non-FAA costs was set at 
zero. 
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NSE Page 10-11: Percent of Non-FAA Costs Paid by the FAA 


Pages 10 and 11 present the percent of the non-FAA costs 
which are assumed to be incurred by the FAA. This permits the 
model to address the scenarios wherein the FAA is to absorb some 
of the costs which would nominally be paid by other government 
agencies. 
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NSE Pages 12-17: Implementation Cost Distribution 


Pages 12 through 17 present the percent of the total implemen- 
tation costs, by type of cost, which is to be spent in each year. 
One page is provided for each system. Systems not implemented 
are so designated. 


These data stem directly from user inputs; no nominal values 
exist. There are input options to ease the burden of input, such 
as automatic creation of uniform expense rates, and automatic 


equalization of the rates among the four cost types. Any distri- 
bution can be entered, however. 


ahccell 


The implementation rates are applied to both the FAA and non- 
FAA costs. 
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NSE Pages 18-23: FAA Expenses by System, Cost Type and Year 


The FAA expenses by system, cost type and year are the first 
set of FAA cost results. This is designated as Output Option 1 
(of 5). One page is provided for each system. 


The cost types listed are the same as those previously 
described, except for the addition of a "net fee/reimbursement" 
column and the summary columns. The fee/reimbursement column was 
designed to provide options to examine the impact of various 
methods of user-FAA cost sharing. The cash outlay column is 
merely the sum of the preceding columns. Present value is based 
on the discount rate, as input. 


*areess °0 °0 °0 *0 °0 °0 “0 °0 "0 °6 °0 *0 *0 OT02 


*aneess = *0 °0 °0 *0 *0 *9 *0 *0 *0 *0 “0 *0 *0 6002 

*amgess “0 “6 ty “0 *0 °9 *0 a) “6 “9 “0 *0 *9 ¥002 

*are6ss *0 *0 *0 °0 °0 *0 "0 °0 *0 om) a) "0 a) 4002 

“4265S *0 °0 °0 *0 *0 *0 *0 °0 *0 ba) a) *0 “0 4002 

*amg6ss = °0 "0 *0 *0 *0 *0 “0 *0 °0 *0 *0 *0 *0 6402 

*cngoss = °0 *0 *0 *o "0 *0 *0 *0 *0 *0 *0 *0 “0 none 

7 ri Se 2G Oe IK) Baty ey *u =0 *u *O0 “aj ba (} on grr? | 
Ce a. *¥ ‘v *u ‘0 *u *9 *0 “6 “0 *0 *o *0 2002 | 
*ima6ess §=6°0 *o *0 °0 *0 *0 “0 °0 *0 °0 “9 *0 *0 1002 ] 
*ereess °0 ao *0 *0 "0 *0 *0 *0 “0 *0 *9 *0 *0 6902 | 
*enesss “oaces *LET¥S °0 °0 *ste2 *ttn *st22 “OoSr *nLeas "0 om) 20 on beet 
*96LLnS = “ot net *n06bo “0 *0 "0202 *atn 0462 "Oben 209088 °0 “9 *0 *0 26ot ] 
*amesesS *29L2t *200S8 °0 *0 "Scot °49¢ *Sfoi *o00n = 8924db °0 “4 *0 *9 deol | 
*onS22S "cetet *2e2ve *0 °0 "got "29¢ eaout "LrLe eensel 20 *6 *0 “0 Geet j 
*SSr00S “Canes “te0s2 *0 *0 "0595 "ere "0491 *2us¢ "Sele *0 “0 *6 ea Sool | 
220547 “tient “EybuL *0 *0 *olst *91¢ “ost *EL2e "99289 *¢ “6 *0 *0 pest | 
“Veb2gn *o9ent "92539 ies) *0 “guint *So2 saint *9so0¢ "2256S *G *0 “0 on Sool q 
*GFeLgn *oa9nt “6259 *0 *6 *0act "942 *GPkt "asa2 *9nkSS *0 om) “0 or) Zest 
*OLtESn *; 20st “EE2“5 *0 °0 *or2t *9S2 Perel *1492 *o24ts mn) a) “0 ea leol wm 
*eocein *nonst “ognts *0 a) *902t *In2 *o0et "Zone *tnien *0 i) “0 “0 Cont N 
*nI922n *“g26st "09607 *0 °0 9213 *s22 e233 *ssce *eliSn "0 °0 “0 0 oat 

“949900 *"s4egol "oll9on *0 *0 *2sot *ote2 *2s0t "tar *G22en *0 *0 *0 °n geet 

*TOCCeEt “ategt “£99En *0 a) IT) *L61 "786 *ef02 “boned *0 om) *0 oi) iGet 

*L£9ntcet *90EL5 *964un Op) °0 *eib “nat "ele *svet *ole9t “0 oo *0 “6 936! 

*2st9c8 *toszt "actus “0 *0 658 *22t *0Su *oect *490r% *6 °0 om) on) re | 

*OLSEEe *O0best "2n9st 6 *0 "£998 “191 *¢0g *nagt sete2e 0 *n *o “6 aeel 

*CQg0Ges *961G2 °4E99n *0 *0 "052 “0st *0S2 °ssst *g0s08 *SME6 eens *S2t *$21 feet 

"Seared “ecole “tenis *0 *0 "04 eont #302 *€Snt “ot lee "0006s 4501 uth eqil Zagl 

*956292 “9268S “76296 *0 “0 °SS9 SET *ss9 *sSct "$4292 *00gn2 sonot *e01 *eQnlg baet 

*ogcno2 *20en4 *fusve °G *0 "£19 "€2) *¢t9 *e9eat *nuSne *2ebce O16 *20k *O2ntn Oagt 

*ecflezt *oSnte *oonsve *0 *0 "els nit "2s "9qgtt *49022 *Eince nite *S6 *9¢9nt eLet 

*7e2os "nee9s *2htn9e *0 *0 *s¢s "2401 °scS *o0tt engnte *osuce *nso 768 *e99ST viel 

vA S3¥a BN IVA Av Lo *awle3y NOSYNN 439410 SimMvH? davis S3HVdS hw ONY O NOSVNO NIVaAd °aid 4 ZaveOstn dVSa 

Wahid $34¢ hSv2 L3N 43N ~O4vaS3ay 

woocooacoh yy WiSeersesene seuccoseeoncere§ 1603 ONT MaND UP oeenewwscecuseces eeoeoooseesS 169) NOTLVINGWa Idhleece 

(Suv110q 430 SaNwSNOHs nT) 

tT nOTLdO 2fgind BOA SAZLSAS NOTAVOIAYN gOd S3SN3dXI Ws O397TV130 
gt 39vd eL/atss °¢49 Of NOTLISNVAL SNOID3Y VI¥ *VOSWN/ON2@/E0A *84H 9S09 . 


*foore *0 =O 


*foorte *0 °0 
"Coole *0 °0 
"Coote *0 *0 
"Coole *0 al | 
"Coole °0 *0 
"Coote °0 “0 
"Toole *0 *0 
*foole *0 *0 
seoers sQ os 
"fool's () : 
"fools “nee *09f9 
*otets *909 °296S 
*96n0¢ *92e *22Ss 
*94562 *2Se *goes 
*n2z2ia2 “se °L900 
*engi2 *006 *onso 
*oneds2 *S2o *ts2n 
"72092 *TS6 "16k 
*249S2 elo "ctet 


*S60n2 "S008 *Ogne 
*9e0t2 *¢£0t "ened 
99922 *2908 *tE0E 
*né502 *2608 gee 
*20665 *c2tt *4n9e 
*olLet “mstt *nine 
*$79it *zett *2tce 
*erngot *o22t "tote 
*gtest *nset "0202 
*nGoct *oa2t *eee! 
*s.9et *eSss ba -Y-3 © 9 
Otte *stas *S169 
*t0nt *t0nt “tosh 


vA S3Hd = 3N WA Av14no 
WNnwnd $3ud WSv2 13N 


Sewoeessse lA YYWWNSeereoseree 


3 NOTLdO sNatnd 


ot 39d 


*0 0 0 *0 *0 °0 *0 °0 *0 *0 *0 
*0 *0 °0 *0 *0 *0 *0 *0 *06 *0 *9 
*0 *0 *0 *0 *0 *9 *0 *0 *0 *0 *n 
*0 *0 °0 *0 *0 “0 °0 *0 2.1) *0 *0 
°0 *0 *0 *0 °0 *0 °0 *0 *0 *0 *0 
°0 °0 °0 *0 *0 *0 0 *0 *0 *0 *0 
°0 °0 *0 °0 °0 *0 *0 *0 "0 *0 0 
“0 °0 *0 *0 *0 *0 0 *0 *0 *0 *0 
*0 °0 °0 °0 °0 *0 *0 *0 *0 *0 *0 
0 °0 *0 °0 *0 *0 0 *0 0 *0 0 
*0 *0 *0 °0 *0 °0 *0 0 0 *0 9 
°0 °0 *stee eort *.90¢ *0 “0 °0 *G *0 “0 
°0 °0 *0202 *sfot *.see °0 *0 *0 *0 *0 *0 
*0 *0 "Stoel *19%6 *0192 *0 *0 *0 *0 *0 a 
0 *0 *g0et "106 *Sore °0 *0 °0 °0 0 *0 
°0 0 "069 “sre *eete *0 °0 0 °0 *0 *0 
°Q 0 "eist "062 *Oal2 °o *0 *0 *0 *0 6 
*0 *0 *oint “et. *4c02 °0 °0 *o *0 *0 *6 
*0 0 *Oect *069 *n0ot °0 *0 *0 *0 ba) *6 
°0 *0 *oget "ong "oll *o *0 *0 *0 *6 “0 
*0 °0 *s02) °209 *¢99T *0 °0 °0 °0 0 °0 
°0 *0 *92tt *¢9g *HSst °0 *0 °0 *0 *0 ba) 
*0 °0 "2501 92S *2Snt °0 °0 mn) *0 "0 0 
*0 *0 "186 *26n *qstt *0 *0 *0 *0 *0 *0 
*0 °0 "ols °09n *e69et °0 0 *0 °0 °9 *0 
*0 *0 *6s9 *0fh *oelt *0 *0 °0 °0 *0 *0 
°0 °0 *e09 *t0n *g0tt °0 *0 °O 0 *0 *0 
£0 *0 *0S2 *sl¢ *9f0t a’) °0 *0 *6 *0 *0 
*0 *0 *t0Z *1S¢ *996 *0 *9 *0 *0 *0 *0 
°0 °0 *ss9 “eee *n06 °0 °0 *0 “0 *0 0 
*0 *0 *et9 °90¢ “sre °0 °0 *o9c€ *n29 *$72et *99f 
°0 *0 *2Ls *982 °064 °0 °0 *enle °0¢9 *snit °*ene 
°0 *0 °s¢es °492 "ef. *0 °0 *0 *0 *0 °n 
*awlegu NOSWNN w83HL0 SiuvHd 3448 S3uvds w ONY O NOSYNN NTVaa *a30 2 3sYeGavH 
43N HJevasan 
ecaecanesercoees§ 1509 ONINYNI Jy tere ceeecosenccece eeceececeseee§ 1 $03 NOLAVINGW3 Tanlewee 
CSuv110q 40 SaNvSNOWs NID 
NOD 4738 twalSAS NOITLVOIAWN YOd SISNIGXS VWVS OFTTVI390 
e4701/8 *S49 OL NOTATSNVYL SNOID3y Vlv °VOIWO/ON2/UOA °£0H 3Sv9 


otT02 
6002 
9002 
202 
9562 
$002 
n062 
£002 
2002 
1002 
9002 
nobel 
“oot 
Loot 
9tot 
Stoel 
reel 
Ceol 
cool 
loot 
Oset 
oset 
veol 
Leel 
956s 
Seel 
neot 
feel 
Zao! 
beet 
veel 
ole! 
slot 


ChE 


222 


*0 *0 *0 
*0 *o “0 
*0 *0 *0 
*0 *o °0 
*0 *0 °0 
0 *0 *0 
*0 *0 "0 
*0 *0o *0 
*0 *0 *0 
*0 bal") °0 
*0 *0 °0 
*0 °0 °0 
*0 °0 °0 
*0 *0 *0 
0 °0 °0 
*0 *0 °0 
*0 *o bal) 
*0 °0 *o 
*0 a") °0 
*0 *0 *0 
°0 a’) *0 
*0 *o “0 
*0 *0 °0 
*0 *0 *0 
bat’) *o *0 
°0 oa’) °0 
*0 *0 °0 
*0 *9 Li) 
*0 *0 *0 
*0 *0 *0 
*0 *0 *0 
ba) *0 *0 


vA S3Hd SN WA AviLno 
nwn3 S3Nd HSv2 13N 


sess ceeoosh yD VHANSerreeeron 


3 NOTLdO ANaind 


| 62 3fvd 
{ 


sececworesosese$ 1 SO) ONIYENIJUSe seco roreesecsees 


°0 *0 
*0 *0O 
°0 *0 
°0 °u 
*0 °0 
*0 *0 
°0 °0 
*0 0 
°0 *0 
*0 °0 
*0 La) 
*0 °0 
e *0 
*s eo 
bal *] *Q 
*9 °0 
*g °9o 
s *Q 
a *0 
*9 *9 
°O *0 
*0 0 
“0 *0 
a) *0 
*O °0 
°0 °0 
"0 *0 
°0 *0 
*0 *0 
°0 °0 
*0 ey 
. e 
es ine 
*awlegu NOSVNN 
43N 
@L/81/8 


°6 °0 °0 a) *0 
°0 °0 °0 °0 °0 
°0 °9¢ °0 °0 °u 
*0 *0 *0 i. . 
*0 *9 °0 r) ° 
“6 °0 °0 °0 *0 
*0 °0 °0 *0 °0 
*0 *0 *0 hed a 
*9 e *0 0 e 
*0 “9 *0 °0 °0 
*0 *0 *0 *6 0 
*0 *0 *9 *9 °0 
*6 °0 *0 °0 *0 
*0 *0 *0 *0 °y 
*0 °0 *0 *0 0 
°9Q *9 *0 *9 La) 
*0 *9 *0 *0 es 
°0 oD) ba) °0 

°0 °0 °0 “0 *0 
“0 *0 °0 *0 °0 
*0 °0 °0 °0 °0 
*0 *90 *0 *0 *0 
*0 °0 a) “0 “0 
0 °0 *9 *0 °0 
*0 *0 *0 °0 a 
°0 °d ba’) *0 ei 
*0 a) am) °0 °0 
*9 *0 "a °0 °0 
°0 bat) °0 °0 °0 
°0 °U *0 *0 *0 
*0 *0 *9 0 °y 
°0 *a *0 °0 °0 
°0 °0o *0 °0 °0 


¥y3zH10 SatwHd 44¥is S3uvdS w anv 0 


a) *0 *0 
"Cc *0 °0 
*0 “n ba) 
*0 *0 0 
*0 *0 a) 
*0 *0 *0 
*0 *0 *0 
*0 *o *0 
*0 *0 °0 
*0 “0 om) 
*0 *t; *0 
*9 *0 *90 
*0 “a *0 
°0 “0 °0 
*0 ac *0 
*0 bal *0 
*0 *0 *0 
*0 “0 *0 
°0 0 a) 
*0 *0 or) 
*0 “0 *0 
*0 *n *0 
*0 *6 *0 
°0 “0 *0 
*0 *6 *0 
*0 *0 “60 
°¢ °0 *0 
*0 *0 *0 
°0 *0 *0 
*0 *@ bd) 
*0 bat) *0 
°0 °0 *0 
*0 *0 *0 
NOSYNN = =oONT Vad *A30 9 
HJavVaS3e 


weoeswessoe§ {$0} NOILVINGH3 IWdnIosee 


(SHv110d 30 SaNySNOHs NI) 
D°NVYOT tWILSAS NOTIVILAVN WOS S3SN3GKXI WVa CITT VLIN 


*Sd9 OL NOTLTSNVdL SNOISIa TWiv “VOIWAVONZ/80A *EGn 989 


*0 
“n 
°6 
°o 
0 
°0 
“a 
°0 
°0 
0 
*f 
°9 
°o 
*0 
*0 
“0 
*0 
“0 
°0 
*0 
*0 
“4 
°0 
0 
*n 
“4 
*0 
ba) 
0 
“0 
“9 
*0 
°4 


DaV «04TH 


vto02 
osce 
#0C2 
iec2 
9002 
$062 
2602 
£002 
2002 
1602 
0002 
obo} 
foo! 
£56! 
Se61 
Seot 
Reel 
fost 
2net 
lest 
d661 
bol 
sel 
496! 
Seat 
seat 
ooet 
{set 
236 
Teel 
VGot 
6l6t 
wiet 


oVaa 


223 


*0 °0 *0 
*0 °0 *0 
*0 °0 *0 
*0 *0 *0 
0 °0 *0 
*0 °0 °0 
*0 °0 °0 
“ae *9 °u 
=) *y "0 
*0 *0 *0 
*0 *0 *0 
*0 *0 *0 
*0 *0 *0 
*0 0 *0 
“0 *0 *0 
*0 *0 *0 
*9 *9o *y 
*0 *0 *0 
*0 *0 *0 
*0 *0 *0 
*0 *0 *0 
"0 *0 *0 
*0 *9 *0 
e e e 

9 a) “5 
*0 °0 °0 
*0 °0 °0 
*0 °0 *0 
°0 °0 *0 
*0 °0 "0 
*6 °0 *0 
*0 °o °0 
*0 *0 °0 


vA S3Ud 3NIWA Av1iNoO *@nie 
anand S$3ud WSv3 23N 13N 


eoeseososeAyYWWNSeeeeeesee 


T NOITLdO 2Neind 


te 39vd 


au NOSWNN 


ececesesconoee=e§ 1609 ONT UUND Gey ce tow eww cescceces 


eL/atss 


°0 *0 °0 *0 °0 
°0 *0 *0 *0 *0 
*0 *0 *0 *0 20 
°0 *0 *9 *9 *0 
*y *0 *0 =o *Q0 
*0 *0 *0 *0 «9g 
°0 *0 *9 *0 °0 
°0 ba) ba) °0 °0 
*0 *0 *0 *o *6 
*0 *0 *0o *0 *0 
*0 *0 *0 *0 *0 
*0 *0 *0 °9 *0 
°0 *9 *0 *9 0 
*9 *0 *9 *9 *0 
*0 *0 *6 ®0 *0 
*0 *0 *0 *o *9 
*0 *o *0 #0 *0 
*0 . *0 *0 *0 
*0 *9 *0 *0 ey 
*9 *0 *0 *0 °0 
*0 *9 *06 *0 *0 
°0 *0 *9 *6 *0 
°0 0 *0 *9 °0 
°0 0 0 °0 ou 
*0 *9 *9 *9 *0 
*0 La) *o *0 £0 
*0 "0 *0 *0 °0 
*0 *0 °9 *0 *0 
*9 *0 *9 °0 °0 
*0 °9 *9 *9 *y 
°0 *9 29 *o *0 
*0 *9 *0 *0 °9 
*9 *9 *0 *6 *0 


daHlo SLuvHd 44aVLs S3uvds w ANY O 


*6 *90 £0 on 
*9 *9 *0 en 
. . ° . 

= a4 M4 ie 
*0 *0 *0 *0 
*0 *0 *90 *0 
*0 °n °n en 
*o °G *% on 
*0 *0 *0 °0 
*0 °0 *0 *0 
°0 2 ') *0 0 
°0 ba) *0 *6 
°c. *0 *0 °0 
°0 °0 0 *0 
*0 *9 0 “n 
°0 °0 0 *o 
*0 *4 e e 

2 et ey 
°6 *0 ° on 
*0 °0 os 0 
*9 *0 e ° 

“6 “5 708 
*0 *0 *¢c en 
*0 *0 *0 *0 
*9o *0 *6 °0 
°0 °0 *0 pa) 
*0 °6 *0 0 
°0 °0 0 *0 
°0 0 *0 * 
*0 0 *9g *0 
°*6 °6 °a 2 
°0 *0 °0 *0 
*0 °0 °0 *0 


NOSVNN NTVBA "ASC 9 3eVH OHV 
H3evasag 


woseoeeeees§ 150) NOILVINGWIIdWlecee 


(Suv110g gO SaNwSNOHs NTI) 
VOIWO IWRILSAS NOTAVOTAWN wOd S3SN3GXI WVs GET VII90 


°Sd9 O1 NOTATENVHL SNOTOZN Viv *yD3WO/ON2s/HOA *£0n 3S¥9 


o102 
6002 
wv02 
4902 
9662 
$002 
man? 
teed 
2002 
1002 
0002 
boot 
966t 
dees 
Geel 
Sot 
Pbal 
foel 
2oel 
Teel 
Obet 
oeel 
evel 
eet 
9R6t 
scot 
neel 
feet 
2561 
Teel 
Gael 
blot 
wiol 


BvaA 


224 


oe 


*9 *0 *0 *0 *0 *0 *0 0 *0 *0 *0 *n 
*0 *0 “0 *0 °90 *0 *0 *h *0 “0 *90 *9 
*9 *0 °0 *0 °0 °0 *0 *0 *0 °0 °0 °0 
*0 *o °0 *0 *0 °0 “0 *0 “0 °0 °¢ mt) 
*0 °0 °0 *0 °0 °0 °0 *0 “0 “¢ *o =) 
*0 *0 °0 *0 *0 *0 °0 *0 *v *0 *0 *0 
*0 *0 °0 *0 °0 *0 6 *0 “0 *0 *0 *0 
*6 *O *0 *0 °0 i) °0 *0 *6 *0 °0 °9 
*0 °0 °0 *0 *0 *0 "0 °0 °0 *0 °0 *9 
*0 *9 *0 *0 °0 *0 *0 *0 sh e Mh An 
e $ *0 *0 *0 *0 *o °9 bs 

ce es *9 "0 *0 *0 *0 *0 “4 *9 °9 *0 
°0 *0 °0 *0 *u *0 ba ') *0 °0 *0 °0 °O 
*0 *0 "6 *0 °0 *0 *G “6 om’) *0 *o -_ 
*9 *9 *0 *0 *0 *0 °9 *0 *0 *0 *0 *0 
*0 a) °0 °0 *0 °0 *0 °0 °0 “0 °0 *0 
*90 °0 °0 *0 *0 *0 ba) °0 *0 *0 °0 *0 
*9 “9 "oO *0 *9 *0 *0 *0 *0 “J *0 *9 
*0 *0 *0 *0 “0 *0 “0 0 a) 0 °0 °0 
*0 *a “0 *0 *0 *0 *0 °0 °0 a) °0 °0 
*0 °0 °0 *0 °6 *0 *0 *0 °0 °0 *0 °a 
*0 °0 *0 *0 *0 *0 ke: *0 *0 *0 "0 *0 
*0 *0 °0 *0 0 °0 °0 *0 °0 °v °0 *6 
*0 *0 0 0 *G *0 0 *0 *0 °0 "0 *0 
°6 *0 &¢ *0 *9 *o *o *9 *9 eg *0 *0 
*0 °0 *o °0 0 “0 “6 “0 *0 *6 - . 
° e *0 ° *u *0 e *0 *9 *9g . 
° "9 *0 “9 0 *0 “4 0 °0 0 *0 0 
*0 *0 *0 0 *0 *0 "0 *0 *0 *0 *o *0 
*0 °0 °0 *0 *0 °6 *0 *0 °0 0 *0 °o 
*0 a) °0 °0 *G *0 "0 *0 *0 *0 *o oa 
*0 °6 °0 oa) °0 *0 “0 *0 °6 °0 *0 ba) 
*0 “0 *0 “0 *0 0 °0 *0 *0 *0 *0 “0 


WA S98¥d 3M TWA av ilno *Qnlegu NOSYNN Y3NLO SidyHd dyVas S3uvaS w ONY O NOSTNN NIVeL 
yWwns $34d HSV2 13N L3N 


eewowscoeehyVWWhSereresees 


(Suv110g 4O SaNySNOHL NI) 
t NOTLdO LNGiNd V99WO 40 SWZLGAS NOTLVOIAWN wOd SESNIJG¥4 WVS OIITVIIG 


*§dd OL NOTAISNYYL SNOIDSy TIv SVO3NO/ON2/HOA *40e 3SV9 


22 39d eL/Et/S 


“Cc 
°0 
*6 
*o 
*0 
°0 
*0 
°0 
°0 
“0 
°0 
*0 
*0 
0 
°0 
*0 
°0 
*0 
“0 
*0 
“0 
“0 
“0 
*0 
“6 
°0 
ba) 
“a 
ba) 
*0 
°0 
*0 
*6 


*a30 


2 
499939838 


*0 
0 
*6 
0 
*9 
*0 
*0 
°o 
“0 
#0 
“4 
“a 
*6 
“9 
“0 
°0 
of 
°5 
90 
9 
“a 
°0 
*0 
*a 
rd 
°0 
*0 
°0 
9 
°9 
*0 
*0 
*9 


Buvv dura 


wcesseeseowonen§ 1509 SNIYUNIJYN eee eneneeccetesee wocesceeeoes 1519 NOLL VINGH3 IdnTeoeree 


Orne 
60¢2 
B02 
£902 
9002 
$902 
002 
£002 
2002 
1002 
0002 
4tot 
woot 
Loet 
bet 
Soot 
nhot 
feet 
Z2tet 
S66 
uso} 
Rol 
3%61 
L2et 
9ae5t 
See) 
neelt 
twol 
cxot 
lige! 
vael 
616% 
wlet 


aV¥3A 


225 


*s2ten une *Sntalt 
*elfln *e9% *oreot 
*0199h "eed *Ostst 
*t2eSn “tte *ostot 
*0t0Sn “ne *egekt 
"Sto *@S@ *.9tet 
*etcen *2ee *essit 
*9Enen *906 "20803 
*OEStn *2f6 *So00} 
°96S0n "9S6 "Sito 
*0n96¢ *Sa6 *.198 


*9S590¢ *2tor *Inee 
*Ehoe *tn0t *toze 
*¢099¢ *ozot "gots 
"esse "oot "14249 
*{fnne "tent *4e29 
*20Ef¢ "29tt *szes 
*Ontee *sott "tons 
*sno0¢g *e22t *2cts 
*9tL62 *e92t "9640 
*Esne2 *goet *2eno 


*9S5tS °9Sts *TSOlt 
*0 °0 °0 
a) °0 °0 
°0 °0 °0 
*0 = *0 
*0 °0 °0 
*0 °0 °0 
*0 °0 a) 


WA Saud = 3N IVA Av1LNo 
Anwns $3ud ‘HSV 13N 


wocecacoueh yy HWNSececeeccea 


tT NOTAdO 4Mainod 


My 


£2 39vd 


*0 *0 °€99n "0f2t *2S5608 *0 *0 *0 a) *0 *0 
*0 *0 *estn *oent 1958 *0 *0 *0 a) *0 *0 
°0 *0 *€10n °9S2e *eted *0 *0 *0 *0 *0 1) 
*0 °0 *90e¢ *snot *90fz °0 *0 *0 *0 *0 *0 
*0 *0 asset *onge2 *0fe9 °0 *0 *0 *0 *0 *0 
*0 °0 "Meee *0992 *¢et9 *0 *0 *0 *0 or) *0 
°0 *0 “LONE *9an2 *696S 0 °0 *0 “a “0 °0 
*0 °0 *n062 *s2¢e2 *64SS *0 mn ) *0 *0 *0 *0 
*0 *0 *nts2 “tate *otes °0 *0 *0 *0 *0 *0 
*0 *0 *9¢s2 *o202 *9°en ba) *0 *0 “n *0 “0 
*0 *0 "Ouse “969! *1SSh *0 *0 *0 *0 *0 “0 
°0 *0 *ste2 "2zat *¢Sen *0 *0 *0 °0 *6 *0 
*0 *0 °0202 "9591 *oloe *0 Lr) *0 “0 *0 *0 
°0 *0 *Sfot *enst *gtue *0 °0 *0 on “0 °0 
*0 *0 *g0et *.ont *240f °0 °0 *0 *0 *0 *0 
*0 *0 "0691 *asst *on2e *0 °0 *0 “0 *0 i) 
°0 *0 *ost *n9et "20g *0 *0 *0 *0 *0 *0 
°0 *0 *9Lnt *tert *ptee °0 *0 *0 *0 *0 or) 
*0 0 *Oect "mort *ong2 °0 °0 °0 “a 0 *0 
*0 *0 *os2t *t¢c0t "gine °0 *0 °0 *0 “0 *0 
*0 °0 *s02t "7% *ete2 °0 *0 *0 *o °0 °0 
°0 *0 *o2tt "106 s29te °0 eo *sclay *t92t *2se2 on 
*0 °0 *2ne *nl9 eqtot *0 °0 *2ine *e_tt *s0t2 a) 
*0 *0 *06S *2in *ectt *0 *0 *2S92 “20th *12961 °0 
*0 °0 89g “noe 902 *0 °0 *¢228 *ocot *elGt *0 
*0 *0 *2at *4et sore *0 °0 *2fud *296 *alat *0 
*0 *0 *0 *0 *0 *0 *0 *0 *0 *0 *9 
°0 °0 °0 *0 *0 *0 *0 *0 *0 *0 a) 
°0 0 *0 *0 *0 °0 *0 *0 *0 *6 *0 
°0 °0 °0 *0 *0 °0 *0 *0 *0 °0 °0 
*0 *90 *0 *0 *0 *0 *0 *0 *6 *9 °0 
*0 *9 *0 *0 *0 *9 *0 rm *0 *9 *0 °0 
*0 90 *0 *0 *0 *0 °0 *0 *0 *90 *0 
*@Wle3y NOSVNN w3HL0 SidyH2 ddVLS S3uvds w ONY O NOSYNG NITVed *a30 @ Duveduvy 
43N w3uv3s3u 
Stevcceesesceveee$ 1509 ONT HUND Jue etecewcccesaseees socoeceoseee§ ($19 NOI LYLNZW2 dw ecee 
(Ssv110q 40 SaNvSNOH4 NI) 
Sd9 %tW3ZLSAS NOTAVOIAWN wOS S3SN3dX2 WV GIITVII0 
eL7et/S “°$d5 Ol NOTAISNVYL SNOID9Y TIv *VI3WO/ON2/HOA *£0n 3S¥9 


oto2 
6002 
w002 
40c2 
9002 
$902 
0002 
£002 
2902 
1902 
0602 
boot 
e5ot 
£5o6t 
9561 
Soot 
nese 

foot 
26et 
beet 
Obet 
086s 
vat 
4361 
Q8er 
S26t 
heel 
{vol 
2261 
Teet 
Ogot 
ool 
lot 


Bv3a 


226 


a a a 


NSE Pages 24-29: FAA Expenses by Region 


FAA expenses by region (Output Option 2) are provided in the 
Same format as the expenses by system (Option 1). Rather than 
dividing the costs by system, Option 2 provides one page of output 
for each region, beginning with the "fixed costs." 
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NSE Pages 30-32: FAA Summary Output 


Three FAA summary output pages are available (Output Options 
3, 4, and 5), each dividing the total FAA costs in a different 
way. Page 30 presents FAA cost results by region; page 31 presents 
the results by system; page 32 presents the results by type of cost. 
The "bottom lines" on each page, logically, are the same. 
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NSE Pages 33 and 37: Category Definitions 


The next set of NSE output describes the user data (input 
and results). For brevity of output, many of the listings refer 
only to category/subcategory indices. Pages 33 and 37 present a 
summary of the subcategory definitions to facilitate interpreta- 
tion of the listings which follow. 
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NSE Pages 34-36: User Data Summary 


The user data summary presents all data pertaining to each 
user group, except for the population forecasts, to be presented 
later. These data are the nominal, or pre-stored, data, changed 
as appropriate based on the user input. 


There are 98 population groups. Each is uniquely identified 
by its categorization with regard to the four basic categories 
(avionics class, user type (type of operation), region combination 
and aircraft type). The user data summary contains the population 
group index, the subcategory identifers for each of the four 
categories, the current (1977) population, retrofit rate parameters 
(which are used to describe how quickly the group will transition), 
avionics age parameters (which describe the age distribution of 
the existing avionics, so that future purchase rates can be iden- 
tified), the number of years of depreciation and type of deprecia- 
tion, the tax bracket and investment tax credit percentages. 
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NSE Pages 38-47: User Group Forecasts 


Pages 38 through 47 present the complete set of user group 
forecasts, for each of the 98 groups. The groups are identified 
by group index (1-98) and subcategory indices. The number of 
new and retired aircraft, and net population are presented, by 
year. 


99 *0 *0 "E49 °¢6 *0 “LS °6 °0 *us2 oo aU "fale ec *0 2062 


*g0 *9 *9Q *cve *¢ *0 "4s *0 *0 092 *0 *o0 *CelLh *U eu toc2 
“99 *2 °9 *¢00 om “On °.s *t *¢ *0s2 *s "st *fAL6 *2a5 *2m5 6002 
*ne °2 *9 E45 *ot "On *$¢ *y °§ *0n2 os *St *€lng *2et *265 oo6t 
| *08 *} *s "Ens *th *On *€sS °2 *S G2 *n °94 *Ynde *SSb *Gis vos 
| *9@sS *y *o “ris *o "St *0¢ 0 *¢ "gQh2 ba) *2t "eno *rnt "440 466% 
‘ *gs ba | *? *99n “Ot *a¢ *Ln *t *¢ “012 ey sh § “ont. “tnt "aon Seet 
} 0s *t *o *2on *@ *2¢ *Sn *t *t *to2 “0 “fi "22uL "&E) “non See! 
*4n *t “¢ *agn *e *t¢ *2n ot 2 "261 *n *214 *<1L¢ *e2l *G?n noel 
; *Sn *t *0 *Sin °¢ *0¢ *In *0 ay 4 *ngl a) °2t *91n9 221 *r00 tool 
| °2n *t *? "tet *8 *e2 of *2 °n out o3 ott *ngle *stt *934 Zoot 
“of *s *¢ way *Z *Le *4¢ “| *2 *991 *¢ ‘ul *S9asS *Ett "alt lool 
*4f i *¢ *ES€ Ly *92 *9¢ °0 °2 stot *¢ “ot *E996g 90% °ece does 
1 "St *t *¢ “mee °9 *¢2 *ne *2 *¢ *nst ¢ °ot *L45¢5 = * 208 *e2¢ 696! 
| *¢¢ *t A! "lie a) née “ee *0 a °kLrt °sS *0 "1Ets “005 “toe fuel 
*€¢ *0 *t *ho2 *9 “Lt *0€ ot oo § *2st “¢ *9 nen "So “qe Leet 
"2 °0 vA ag2 °s sal 0g *0 “4 Sent *s °s ela LL *iF2 ezet 
*t¢ °0 °2é "Lee 9 °Lt *e2 ot "2 *Snt “< °@ *9Son “ve *gte S@ol 
*o2 *t ts *a92 *s *21 *92 *0 *t *Ont *¢ *s “wenn = * 08 *nal ngot 
*o2 *0 °2 *oS2 *s *¢l *42 *t om *9et °2 *n *€2En *n@ fens igo! 
q *42 *0 “1 *ts2 *s °ot 42 *0 °t *9Et *¢ *¢ *“aSer = * SB cate Ze63 
¥ °92 *s *2 *an2 °n "et °92 *0 *2 *tgt *2 *b “Rein aa ene lel 
| *se *0 "é "922 *f eat *n2 *t we: “net *¢ *¢ "tia a are Oget 
j *€2 °0 °3 *ni2 *n *si *¥2 *0 us "etl ce *? *Z£24¢ *¢l *2e/ 66} 
} °22 *0 *t *g02 *h °2t *22 *t *2 “4.tt we ba! 4 “909 "04 *Sei wlet 
| 13N 438 “3N ian 434 a3N 13N 13a M3N 43N 438 man Lan 13” MAN 
(pn *g 42 *2 JOT aNdus (€ #4 #2 2 26 dnaa9 (€ *2 *2 62 YQ dnoad (mn «eb 42 62 yd dndud ({ #T 02 02 99 3n0sd avg 
| *$1 7) °¢ "Sound = 0 *0 *ef2 0 °G ‘au2°0 *u *.Fumat °0 *G 2002 oy 
*6t *0 a) *“Gelm = °0 a) *yt2 *0 *0 "942 °0 *0 *Lfinut °0 *0 1002 < 
one “¢ *0 “Sein ee 926 ‘are °S out "912 °S "94 “Uscrot “seat e500 0002 N 
*st *0 °0 *48Sn -e8 "92¢ °922 °s eat *$92 °S °9t *gbo0uT “fot 2500 obo! 
} *st °0 °2 “61th *1¢9 "Ane *nt2 ou out *hse *¢ eos “non% *1Set £485 vbet 
| *¢et *0 *t "100m de *oe2 *no2 *s ent “tne °s oat *Edm26 °22e3 *vEens 266} 
°2t *0 *0 *“oLne 6° EL 442 “Sol *¢ eet *2¢2 °¢ *bt *vezew *20ut "ests 960! 
| *2t *0 ML *G.9¢ °69 *092 *9et °n ent tee °n “hl *e0ign "Egat “cats Soot 
| ott *f “t “mene "19 *0S2 out *¢ *es *t42 °n *es *1G9tg 82951 “Laan Dost 
} tt °0 °0 *toge °*¢9 *ose2 *2.9t °s ct *¢0e2 °F; *¢l *béte, °£05t *eron {bot 
tt °0 Se *nele °09 *S22 *oSt *2 eit “Col *$ *2i *siise ‘°Rranl *LEu> 266! 
*6 °0 °0 *n962 «8 4S *¢12 *ost *n *at sagt *n a *2El24 Fall "20ED leet 
i) *0 os *g092 *ns "202 "pnt *¢ °0t eat °S by *tteao *e2gt *G2kn Yoel 
9 *0 0 eaede = 70S "tet °2et °n emt “nat *t ont *02nas Het -*G2ak ote} 
*@ °0 °0 *42Se °On *96t °0Et *t *9 “tot *9 *0 *flyet9 *iEet *O59¢ weet 
°@ *t °2 *4ut2 *9n *téEt *¢2t “fh +9 eigt “¢ *6 *grnte *eatt tind 226! 
*é *0 °o *2622 0 8=0° Pn °Ost *tet “f *6 “tet on *$ “9846S *nOlt Mase 9961 
| o6 *0 a) *9022 8 °2n “bet “ons *2 *S 200% *2 °2 *OiteS %enit 4982 Swe! 
*e *0 *0 *otte en *66 “Ett *¢ *9 engl °2 *o *ipwos *Ebtt *nge2 got 
| *% *0 *0 *2902 «6° 8h *66 “ott 2% °9 *2st °S *2 enlaGs *eott weal fot 
*Z *0 *0 *n002 *8£ *zet *203 be) “4 “0st we “4 "eeuGs *mLot *ass2 2¢e! 
j *Z *0 2 "Stel "LE *9S1 *n0} “3 a) "Spt *¢ °25 “mets *ETOt *Sec€ leet 
| *s *0 °0 “Oolt 8° 2 *net *Lo *b *6 eael °2 “4 “9249S =*SLo Ends Oget 
*s °0 °0 *hOLt *c¢ “net °26 ve °*9 *tet me “9 *gSign “ite °99t? oie} 
*S *0 a) "F495 *t¢e *26 “se ne a) *e2t *n *@ *4iin “ete "ale? @let 
: 13N 138 M3N 49N i3e MIN 13N a3u JN 43N 430 “aN 13x isa wan 


Cf °@ fn 8t DS Nodes (£92 nm 8S Dp anos ($ *2 ‘hp 43 D¢ dN0as (mp *t *m 4b 22 dnGas (gt *h *t O04 oncuy OvgA 
ef 35vd 9L/85/S “S49 OL NOTLISNvus SNOI9Ia Biv SvOIWN/ON27HDA °£OM 9S¥9 


*otn 
*oln 
*otn 
*39On 
*€o¢ 
"Sst 
ose 
*Sftft 
"02 
*9CcE 
*fo2 
“tere 
"ead 
*9S2 
"ore 
*tS2 


"ene 
*st2 
*ete 
*922 
*gt2 
"L462 
“got 
*Sot 
13N 
(n *t ¢n 
*22 


13N 


(mw *€ *€ 82 Dgt 


of 390d 


°2 
138 


*2 Joe 


°0 
°0 
“1 
St 
°0 


438 


W3N 
enous 


*angls °A *0 
"9ngis °O *0 
*Onels °2n6 *tn0€ 
*en2on *2n6 "120 
"antan °006 “roe 
*notsn *299 "one 
*022in °229 "e192 
*mltin "foe *nnse 
"F290 194 *tnne 
*€nece ed "alice 
*angoe 669 *or2e 
“event °499 *egte 
*AEEse °As9 *cnne 
*ugelg “*Fte "Sort 
*eancsog nes *ntoe 
"A1262 °295 *205.t 
Seniud OKs “G9 8h 
*er1Gie = SES *tg2t 
*€ee9e *S2s "ett 
"ma2sg2 *6IS “aga 
*ps6s2 °20S *oenel 
*2uese “*Z£lh *o2ut 
*esefe °nSh *sont 
*anne2 *2nn *Sntt 
*nnté2 “ten *9603 
44N 138 “3N 
C€ *T *h $2 Jot snows 
“eit °0 *0 
"eit *0 *0 
“cut Cr) “tL 
“aot *2 “24 
“ot *¢ ba) 
"86 *t *9 
“fo "2 *9 
*on *t *9 
“ne “2 °9 
09 ot *f 
a °2 eh 
°22 *t ot) 
69 *1 ° 
*09 *2 °sS 
*¢€9 *4 *s 
“6s we “ft 
“4S *t *2 
*as “1 *¢ 
°s *t *2 
*¢s *0 <1 
"2s = “t 
*0S Cs "S$ 
"On *y] *¢ 
0) LAL *¢ 
°2n *t *2 
43N 138 M3N 
(€ *2 *€ *2 dmb enous 
@L/01/8 
spies target amie 


"of 
"of 
“of 
"at 
*$f 
*2¢ 
"O¢ 
*o2 
*e2 
*92 
*s2 
*¢t2 
22 
"12 
*02 
“ol 
*ot 
*et 
ut 
“1 
eat 
*9oT 
“el 
°st 
°2t 
13N 
(< *@ *¢ 
“soft 
*s9t 
*$9t 
*ose 
“set 
"ete 
*90% 
*262 
*ole 
*292 
*9S2 
*She 
*n¢2 
*n22 
*nte 
*te2 
*nt2 
*2ete 
*n0e 
*toe 
"Gol 
Oot 
084 
"eit 
*0O45 
43N 


(Co *} *¢€ 2 YEt 


134 


“2 dat 


a) 
a) 
9 


13 


et 
M3N 


oN0ag 
°g49 OL NOTAIGNWML SNOI93Sy 


"2@ndh 
*2nat 
*2ndi 
*esal 
*0zS) 
*9antk 
“Tint 
*otcl 
*9921 
*tolt 
*actt 
"e408 
*0201 
*1% 
"LI4 
"fon 
*2oa 
*209 
the 
*6nl 
"621 
°l69 
°¢s9 
*t29 
*24eS 
43N 

(¢ *4 °¢ 
*046nS 
*OdoNns 
*Oz6nS 
Ones 
0150S 
*248Cun 
“9EE9n 
*29f0n 
*Oonen 
*TOL6n 
*7006€ 
*99E4E 
"Cosi 
*Loeenge 
*ngeee 
"eerie 
*osgn¢g 
*2olo2 
*fo6u2 
*setse 
*99nL2 
*22t42 
*S24S2 
*Onon2 
*toet2 
43N 


Cg +h *E $2 221 


°0 

°0 

“2k 
“25 
ene 
*ae 
"ze 
ae 
*fe 
Ce 
“ge 
"02 
02 
eel 
“91 
eel 
“at 
°ot 
*nt 
*s1 
“pi 
“o4 
*2k 
*21 
“ts 
iad 


*2 Lt 


*0 
*0 
"Olt 
alt 
“ott 
*eol 
*2ut 
*06 
*06 
*Sy 
*2g 
"G2 
*tZ 
99 
°04 
*in 
oat 
*ih 
*o¢ 
°St 
*oh 
"4s 
*on 
*Oon 
"re 
“aN 
snowed 
ee 
*0 
*2net 
*2n27i 
*PLtt 
"Sine 
"ese 
*22ue 
*409e2 
"Lined 
*2ufe 
*te2e 
*2ule 
*2che 
"Ofte 
*Ounl 
*fenk 
*oncl 
*$G2t 
*d26 
see 
*S9nt 
*2asi 
*tgas 
“zat 
wan 
dnnas 


*9n 
°ah 
°un 
*$n 
°é@n 
*un 
*eE 
*a¢g 
ne 
°2¢ 
*0O¢ 
*ee 
22 
*S2 
*n2 
“<2 
“Ze 
°22 
12 
02 
*ol 
egt 
out 
"91 
*¢1 
4aN 
(n *9 %¢§ 
*o2 
*é2 
*e2 
e4e 
*S2e 
*n2 
*¢2 
*22 
eve 
"ot 
eyl 
et 
“91 
gt 
*ot 
ent 
*¢t 
*¢t 
“el 
eel 
eet 
ut 
°or 
*01 
*6 
13N 


(m *@ 82 *2 208 


Viv *v93WwO/ON27HOA °£9M ggv9 


*v 
*0 
°4 
A | 
“1 
| 
| 
*0 
*t 
*t 
“0 
*s 
“0 
“1 
*0 
en 
= 
*0 
a 
*u 
*v 
*t 
*u 
*0 
=% 
i338 


*2 Jol 


*0 
*u 
°0 


dS 
Lau 


*{ 
WIN 
af led 


"at a) °G *v29 *0 *0 “Ih *0 °0 “94 “0 ba) *Sucte °0 *0 2092 
pe "9 °0 *n29 *0 "0 “In “0 *0 °oL °0 °6 *sulte °0 *0 b002 
SET *0 *0 "029 *tt *Sn “In a‘) ef °oZ “2 *s *S4Lft “hts “tit? 0002 
eat *0 °0 * aus *tt °Gr *9F *0 *¢ °€z *2 3. *Hle7g Hts ee £4 666} 
| eet *90 ba "2s *2I °¢h "of *n °n “02 eg °s 7lec9l *Has *G702 2605 
| °6t *0 -¢ *tes *6 *ae *s¢ °2 *€ *19 sail °€ eeggs4e has °OOnl Loot 
*st *0 *e *2on °2t *On “ne a) *¢ °s9 si °s *“toale “ifs *“Efal Shot 
{ *¢t *0 *o *ngn Ly i °E¢ *1¢ *2 °t 29 °2 on *“ob99e "gS *ongt Sagt 
*¢t *0 <6 “9in ay “te "62 et *§ *09 *0 *s "4SnS2 48h *ol9t bol 
1 *tt *0 a) *nin *9 °te 12 *2 *¢€ “4s *2 3 *Socm2 «=*S9n *Sost foe! 
' ort °0 *2 “oes “OL "Te "G2 °2 “© *9S 7% °n *stig2 clnn “42st 266! 
*% *0 *0 *99¢ *L *o2 *S2 °0 | °¢€s *0 °2 *en022 °02n *2onl téo!} 
4 *6 *0 *0 "OnE *9 *12 “n2 *0 *2 sts oy “nr *ztot2 %14%H “Gant Onet 
| *o *0 "0 *SeF *9 °22 *22 *2 *¢ °an “1 °f *HL002 «*GeE *f4et bao! 
*6 *0 2 "ade *Z "Se *t2 *2 *¢ *On on °0 *Iplas "9S¢ "onl ehet 
et *0 *0 *\R2 *¢ “nt "02 *0 °e °ln mie “4 *udg.i fing *€26 Lcol 
*L *0 *o °042 *s *et *et 22 es *9n *0 *0 *elezt *net "leu 9set 
*1 *0 *0 *us2 as *st *ut *0 *0 *9n *2 *¢ *SSool *n2e *Sfe Saot 
*4 *0 *0 *Qn2 *s *nt "at *2 °2 °Sn *0 ef *nnlat “ele "Erg 196} 
“2 *0 *0 “12 *sS *¢et et *y t °oh oe °2 emtest *90¢ "Sas iset 
| uy) *0 bit, "nee 2 *nt out “0 ot *th *0 *2 *26nSGl *%462 *ele Zeeh 
} oy 0 *2 "ute 9 *te2 *5t 0 4 "2h ty °n “alent *ng2 eubls leet 
*S *0 *0 *202 ‘hn “st *st *0 ae "of Zu) 23 °£59nt *S92 *926 Cees 
| *s ba) *o "Let *2 *st *<ct *0 *\ “Le °4 4 *26eft °oS2 *\0L bet 
| °S °0 *0 “eal °9 *¢t *et *0 °0 °9¢ “0 *< *0762t *ts2 *t69 eze} 
i 43N 138 M3N L9N 138 M3N 13N 13u MaN 13N 438 wIQN 13Nn 134 “ON 
i (< *@ *€ *€ JOE GNOuS (€ “2 *€ *€ Joe gNOUd (€ *2 eg *€ Jee aNord (7 #3 *S $f 922 onuad Cs *t 4 *€ 992) BNhONY ayaa 
"cat °0 "0 “aon *0 *0 *9gk2 °C *0 °nt 0 *0 261 “0 “0 2002 
*¢9t *0 *0 “ooh °0 *0 *9E42 *0 “0 ont *0 *6 *ust *6 *o 1002 
| *¢at *¢ *et “bon *6 °€€ *9£t2 *u¢ “ont ont “4 °t sost *¢ "6 0602 
} "tut *¢ °at “Sin *6 ba 3 *n202 “Zt *onrt °£4 *9 “1 “ppt *¢ *6 boot 
| "C95 “n “nt *tsn *@ °Of *2Iol °OF *pht *2) i's J "Fl “t *b Boot 
*Est *¢ "et *o2n *@ *0f *n0at *9¢ “nfl st *0 *0 °0El *\ *o Loot 
"Ent *¢ "et *"LOn “LZ *L2 *90LT *2¢ *eet oly *0 *t 221 *t ey 9oot 
*net *¢ “ot *L0E *L *92 ott *1¢ *uzt *0T “0 a § *ohl *¢ "at Set 
*z2t *¢ "21 *ag¢ *9 *92 “2st "62 estt *6 “0 “0 eet °2 % nsel 
°gtt co § *6 “OSE “9 *sS2 "sent *s2 *90t *6 *% *2 “not *2 “6 feel 
"ott *¢ *ot “1ee “9 *22 *nsct *o2 *201 °*@ “0 “0 “86 "2 *9 266} 
*E0s cy °6 "Sig 9 *22 "Let *n2 46 a) *0 “1 "0b *0 *s taol 
$6 °¢ *6 “oo2 °sS *t2 *n02t °22 "68 *L *0 ) 68 *2 ay oot 
4 "68 °t “8 *€e92 At | 02 4st *t2 *39 *L "0 0 “ne *t *s t2el 
*2e =t *ot "042 *S *0¢ “E104 *te2 °n6 a *0 *0 *ve *2 *Z veel 
"eZ sl *s "She *h *21 0003 °02 *"9 *L °0 *t *SL *0 °¢ Leet 
*69 “Tt *y *.¢2 *sS nt “156 *9t °8S a) tT “t *2L “1 *S 380! 
| *29 *s *9 *ae2 *s *2t *Lt6 *zt “HS °9 *0 *0 #99 *t 1 Seot 
°"4s *t a] *le2 *s et “Olu “ut °gn *9 *0 *0 *99 “1 *¢ neget 
°nS *0 ks "ete *t fl! ‘ene *st ra *9 *0 “% *po *0 *2 f¢ot 
*ts et *9 "ate °t "21 *tee bat °9S *sS *0 *0 *29 *0 *¢ 2eet 
\ *Sn et *S *202 *h SLY *26L “nt “49 *s °0 “0 "6S *2 *s Teel 
*2n *0 °n *o9t tf *et “624 *gt *ss *s *0 *0 #96 *0 *¢ got 
°eF *t *n “oat °¢ *b 089 *tt *1s *s a) “tT 3 “4 *¢ oie! 
*Sf °0 °¢ “nit *b *st "ong *ot *of *h *0 *0 *US “| *2 slot 
43N 132 MaN Lan 138 “aN 13N £94 aaN 43N 436 MIN 13N 434 "aN 


(Zz *t *¢ *€ Jse aNuuws (£ °t #2 *€ Yr2 annys (£ *h *m *2 JE2 gNOHd (nm ¢¢ ef #2 222 gNnad (fg 42 #m 62 212 BND Byvaa 
Of 350d eL/et/S °Sd9 OL NOTLISNVHL SNOTD3a DI¥ “VI3SWO/GN2/HOA °S0n 3505 


*¢6 *0 *0 “Ral *0 °0 *92 *0 °u eesalt °9 a) °*n22 “a *6 2962 


*¢6 *0 *o "wal *0 “0 92 *0 *0 *2@sutt *0 0 *ne2 *% *9 4092 
¥ *€6 *2 “9 *wol *n “nt 92 “0 °2 *2solt °Os2 *199 *222 *s *st 9302 
rt) “2 +9 °aet *n “nt “ne *o "2 “toot %0t2 “bug *nle *s *1 bori 
"$9 *} =y carat *¢ *¢t *22 ait *2 *Ognot °*Sol "89d ard *¢ est stot 
*09 *2 #9 *e9l *¢ *¢4 “le *0 “I *f0b0 *sul lhe *eni *s ort itol 
*9Z = *S "est *¢ °21 *02 *% °2 *Oulo *odlk "fue "fal *¢ set 96ot 
E| *22 “2 °9 “ont °¢ °2t *ol *0 “1 *91e8 8 °L9t °At9 ones *S ont Soo! 
FI *99 “ty °o "Ont *¢ on *et ba’) 75 “pong *T9t "t£9 "S91 *¢ “Or noel 
*s9 “1 *s *2Er *2 “ot *ut *T +e "2862 ont "16S wSI *2 eat foo! 
boi *t¢ “ft °*n *net *2 "ot 91 *9 *2 *toend *¢ent *20¢ *anl *¢ Caine 266} 
f "eS *t *n “out st “6 °nt *0 eT "220z *2kt “Tes "ink *¢ *OT toot 
*ss eZ *s °o,t ah °9 ret *0 *t *€299 eget “0S ones o9 “tt Saol 
"es *t “¢ *¢0t *¢ "6 *2t ot si2 "2629 toll *19n *42h “2 J ose! 
*¢s °0 <¢ *l6 *2 *6 °tt *o a} *9S6S *.0t wees *e2k “t °3 Bsat 
*4n =} “¢ “Oo at a Ot °0 *4 *92¢S etot “ange *stt *e eZ 48,5! 
*Sn *t Che “ne *2 ai *6 *0 °0 °649S "90 "hee "Olt *2 of | 9Ge0h 
*€h Lan § *2 "ol *2 aE *o *o bale | *nrgon *S6 "nog *Sol *2 *s$ Seol 
*2n *t = "me *0 *¢ *9 *0 0 *Ston "98 "692 "25 -< dt 4 test 
*On *t ~e baal 8 v2 a) *3 *% os *nont “St “912 HA “2 *s fGet 4 
"of *0 *} *69 *t *s *8 0 “1 *fein *fu *e62 34 0 *¢ eet 
L-Ty *} *n aX) *2 *9 *L *0 *0 “elo "94 *S$9¢ *2h “2 "fe iagt 
*sf *1 e¢ es *0 * fh “4 *0 oo | *62e¢ "eZ *2u¢ *Sa *2 “4 Ost 
*¢¢ *90 Le § ng *2 "Ss *9 *0 0 *009E "99 *ef2 *0@ *0 *¢ 6iel 
*et 4) bh "Is *0 *2 *9 *0 0 *L2ne *s9 *nle hy I *2 *9 @let 
L3N 429 M3N LIN 13 MSN 43N 434 Man 43N 134 MIN Lan 134 w 3" 
Cf *L 2 *9 JOM NOUS (¢ *€ $2 ty Of ANOS (g *2 *2 ‘nm Jat sNdss (€ #b 82 *h VLE sNdBD (2 *2 *m *€ 99Of) afurg erqAm 
"19 *0 °0 °mS °0 *0 "Sd *0 mo *lo “0 °0 *slon2 °6 “0 esn2 
“19 *0 0 “ns om *0 °SL *0 °0 "to *90 a) "stSre *0 *6 1902 ™ 
*I9 *t °n "ns *t *¢ Ul st °n *To *2 “9 *Sslsre *ISn *49gt 0502 
"95 ot °n *25 % *¢ °2L *t °t *Le #2 “9 *Sonf2 *1S0 *hOst 666! 
°ss ba a] “0s eB *¢ *09 *2 °9 *$@ *0 °n *"Stn22 *42n *1CSnl R66! 
*es *t °t “On *t =f *S9 *t °n *6L on *n *botl2 *409 *encl Loot 
*on <5 be *on *} *¢ 29 *0 *¢ °o4 *2 *9 "06n0e *2e¢ “ater 9oa! 
*Sn *t *. “rn Nh = oS ot °¢ 22 on *h *o2cel "OLE "Snel Seoal 
*2n *9 ve *2n *t °¢ *4s st *” °o9 aa “7 *959R1 *SSt 4615 266! 
On bch °¢ *un *0 a | *ns "Tt “on *99 a4 *9 *mlydi * tne “will toot 
*o¢ *t, *¢ "at et A “ts *0 ty 29 *t *n *2T02Zt neg *t6uT foal 
°9¢ *0 *2é "Lt “1 *2 “en *t *¢ "6s °0 °¢ *NSeot *gQn¢ *eEcl tees 
*n€ SF *¢ °9¢ *0 *2 *9n *t °n “9g *T .) *O2S9S1) * E52 *Sro Soot 
*2¢ °74 *2 ne Leh | *2 "Eh oy *2 *¢s *2 *n *E2en4 “use "026 660! 
*t¢ °0 *t °ot et °2 "20 *0 ht *1s oN °0 *Volrt *992 *1ett uce! 
*O¢ ot “2 *2et *0 eit "oe ba § we °2es tT *¢ *m7gtl *4S2 “499 Lael 
*o2 *0 *t "Ie “ft *2 “ef ot a) “0S °0 “4 *nle2t *0S2 *5n9 Fae} 
*92 *t *2 *u¢ ben § °2 °s¢ *0 *0 °6n “2 *s *oIS2i ene epg sGet 
*42 °0 °t *62 *0 °0 *Sst *t ce *9n °0 *0 "49121 *0ne suns nget 
*62 ey "2 *6e2 sft rd *ne *0 oy: °9n “3 *y *2soll *2t2 *aln feet 
*s2 *0 *t *9e *0 batt) ee *0 *2 °9n °0 *2 *fz9Tt °422 "66S Zeet 
°n2 *0 *t *e2 a | “¢ *t¢ *t “<= “ne aa, °9 *tOgts cate *fre aot 
*¢2 =} "2 *9e *0 “ft "62 *T *n *In “tT *¢ *14901 *s02 “434 gel 
*22 °0 es *$2 ot °2 *92 *0 *0 “eft "4 ba *oRlCi “eet *ogs biel 
*t2 ey *2 *n2 *0 *o *92 *0 *0 *6¢ *0 *| *1966 *agal *uls @let i 
43N 43a MaN 43N 43a MAIN 13N 13u MaN 23N aja * aN 43n 4ax KgN 


(m *€ 8m ¢£ YSE anos (€ *€ ¢m *¢ Jnk aNoUs (£ *2 ty ¢¢ YEE asNhoVs (m 45 *m *€ 22 sNOsed CS *S $m *€ DEE aNoNd uvaa 
te 39ved eL7et/S °$d9 OL NOLTAISNYEL SNOIS3u Tv °VS3NNsON2740A °£0n ZEN9 


— 


*oat *0 *0 *0n2 *0 *0 *n0t *0 °0 "ecsn °0 °0 49S °0 *u 
*993 *0 *0 une *0 *0 not *0 "0 *22¢n *0 *0 e4ns *0 “0 
\ *oat *n “i *0n2 *n *02 *n0t *2 J} °32Gh *Se "off 405 a) “hn 
} out °n ou *n22 *9 "02 *co *2 oe *m5n *Ga ase *nin OF) *Th 
| *2ut *¢ ut "G02 a) "ol *n6 *t *9 *02In ond "Lig *trn *¢ af 
i not *o “tt "got °n eat *o8 *2 *2 *2298 “oe *20¢ “IIo *o *9f 
| by a *h *tt “act *¢ "9h “ne 22 °¢9 *onst "19 *2y2 nae *9 *¢¢ 
i *ost *2 °6 *99t *¢ SGX “08 Ls | *9 hint °s9 °992 “4st “7 °1¢ 
| ent °n "ot "mst #¢ °st °SZ ats “9 *eeee 19 *192 “ace i) *1¢ 
| eet *2 °9 °2ant a¢ be “tL et *s *1e9e = *rn2 *50¢ *9 #9? 
4 tet i °8 "2ct Or ct “49 ony °n *orKe *ts “<2 *gae¢ *n #02 
*s2t 2 im: tet *¢ "et “ng oy be “1592 *on *ele "962 *9 *b2 
| “ott °¢ *e "2it 4 tt *09 we eG *Lane “on *L02 “i9e *s "2 
*ntt *2 °9 "cat *2 tt *4s oly °n "e252 20 "tel "aze Jy ed 
“ott *2 *ot ne | *tt °ns Hh "sg *ORte son *692 *ele *n *OF 
*203 *t °S *ne *2 "Ot “Lh *0 *@ *€seb *sft tot egal *¢ +77 
Ses "¢ es *SE ome | cy | “on vy °y *Leul Sy *Gnj eral ee o,t 
“30 "6 °n °uL *e a) ‘an “1 °2 *nbat 3 "ott *1ot *n “ql 
*£6 “f *n *$9 “1 "9 "en “1 *Y “pat +e soit toni #2 ou 
4 *06 oe on *es y °S “On i! 4 *t26t 0k "Lb font *2 cot 
| *se Lm | cp *ns ey *9 "of “0 °?2 *mobs "Ce “gil *erh *¢ *cl 
| °S6 °t “9 *on “ty ob “Le oy a. *tgft sae sant *.21 “2 ont 
| "0g «2 “9 °fn *t “9 "St *t oe stn2t  -°2e abt sail “é *2t 
| "OL og vt *af *0 a) "¢€t *0 °2 *Sntt “te *¢6 “604 ee °ot 
"£2 «2 *n wnt +t e 1s 5 *n *c.ot te one "fo 23 7 
43N 134 M3N LN 139 ON 13N £3” MgN 43N i3a mQN 43N Lae vay 
ce *t #2 *S 30S aNhbsus CF *4 *h fm Jom annas (£2 *€ *h fm aM dioEd (¢ *) mh 40 Jén gnned Cg eZ *€ 97 JOM ahdad 
*Qn *9 “Gg "Ene #6 “9 "26 *O0 *9 *2at “0 *0 *9S9S5 “90 *0 
| °Gn *0 *0 “Ene “0 *0 *Z6 *0 “i *2dt °0 *0 *999S; °0 °4 
| *gn sid “fn "Ene *e "92 °26 *2 yi} eat “¢ *ot “OS9SE = °Ht9 “ban? 
{ “Sh ft ba) *n2e °L *92 *49 *2 *4 *sot *¢ +08 *SacFE *9F% *Han? 
°2n oF *¢ *g0¢ *s 4 *29 ck a) °@st “¢ *21 *Mfols HAS "9512 
| “On *t “© "192 °9 "¢2 *SL nt) *s "ont *¢ *Q eeriog = *469S *nt2? 
“ef = *f AT "12 OL +2 *9 ‘wet =" 04 “29502 8sFS 6242 
*Of *0 ve “52 *s *n2 *99 “1 °9 °Let °2 *L *nlege -H0S tn eat 
* *ne *t oe *aAg2 ma) 8 (eo "19 Hh § 9 *2ct “¢ °04 *n2>G¢ *eln *9eg1 
*2¢ *t *¢ *¢22 *¢ “91 °9S *0 °n *set 44 oy *efot2 earn sonal 
°"O¢ °0 *¢ “ure =o "et °2s we. me "Oe "¢ “6 “tns72 °2en *megt 
*e2 *t “2 *96t *h “91 “Ln *0 *£ entt °2 “4 *olele *sat 8602) 
"te a) ~e “mat LAY *94 0) = *nr 601 *2 a) “e2%eeb LEE sgl 
*¢2 be *e "ret “¢ wt °In *o = *sot °2 “a “btacg) “SIGE $201 
| "n2 *0 =p *09t a) SET ee *t a) *00T “nr 6 *ztdab OE ube? 
} *¢2 *0 =e *_nt °2 *2t *s¢ Lh *n mot *2 “9 *EALSI *Lbe *g tha 
| *22 *t i), bat *¢ °at *uf¢ *0 ae | *00t ome *¢ *“Liontl *f#e “wool 
} °22 *0 *t "alt *¢ "ie *62 ot *n *66 *y *sS *gigpl *642 *0Lo 
| *t2 *} “e *h I *t °L 92 *6 *§ *S6 *2 *h "E1661 %ase Abe 
' *02 *0 mt "cut °¢ *6 *¢2 *0 °2 *€o “2 *¢ “E2024 “wre *sv9 
| “ot *0 “ay *L0t “1 na f *t2 *0 1 *26 “2 “4 *“Gyn2t *9¢2 e299 
“at *t *2 *10t °¢ °Et *vz oa *¢ “He *2 “2 *urwit ote *alit 
7 3 *0 *§ *to 1 *@ “et *0 “i; *¢e ms *f *2r60i “£02 *Zle 
*9t *0 a) “he “2 *@ eat *0 *2 08 °2 *¢ *ezeol "tal "bee 
“91 *t bat "94 "yy *f *st *0 a | "62 *2 iis "2696 “gai "39 
43N 439 M3N 43N 43u MIN 13N 13a MaN 43N 13a M3N 13N 13h “3N 
(7 *9 *¢ ¢m YSh gNhdag (£ *€ *€ *h Jon gyno (f #2 *€ 4h Yen aNvdg (hp *h *€ 4m 22h aNNed (Cf *t *€ wm Yih AéhOdg 
27 329vd @L/95/S °$d5 O14 NOTAISNWYL SNOIS3u Viv °VI3WO7ONe7HOA *£0n 3509 
ee - __ ——— 


| *2n *0 *0 


| *2n *0 *0 
j 2p a yo 
"0p bal | “¢ 
E | "of 2 °n 
bi *9F *0 *2 
p *ne =} *2 
| *e¢ *t *¢ 
*t¢ bal § “2 
} *o¢ bak | *e 
E *62 “3 *¢ 
"142 °0 be: 
*92 °t *2 
*S2 *t wh 
*¢2 *0 *} 
*22 ey Si 
*22 boll ® =I 
*22 *0 *t 
*t2 25 ba | 
*t2 *0 "0 
*t2 a tl: 
*t2 °0 °2 
“ot Li *t 
*ot °0 ba 
*et *0 A § 
43N 438 M3N 
(Cf *2 ¢m *S 909 afhOusg 
ot *0 ba’) 
“ot *0 °0 
*ot *0 °0Q 
“Ot *9 *9 
*ot *t “¢ 
*9 *0 °0 
*9 *0 °0 
*9 °0 *t 
bay 4 *0 *0 
a 4 “0 *0 
*L *0 *t 
*9 *0 °0 
*9q *0 °0 
*9 oS *t 
*9 *0 a 
*sS *0 0 
*§ *0 *0 
*sS *0 °0 
*sS *0 *0 
*¢ *9 *9 
*s *o *9 
°sS *0 | 
°9 *0 *0 
*b *0 *0 
*p *0 *0 
13N 43a AgN 


(€ *2 *€ *S ISS aNOUD 
ft 39vd 


"42 *0 
°22 *0 
“12 =% 
*e2 *T 
*s2 *0 
*h2 *t 
*t2 *t 
*22 st | 
°22 *0 
*t2z *t 
"02 ty 
*02 *0 
"ol ot 
"61 *} 
“ol *y 
"02 °t 
*02 °0 
"el *1 
“ol *0 
ba -w *t 
“ot “0 
°ah a | 
°4s °0 
°94 os 
“ar *0 
43N 438 
(hm *t 4m *S 26S 
9 *0 
*n9 *0 
99 °t 
*19 bi | 
°es *t 
*ss i 
°¢s *t 
°as °t 
°ih *0 
°Sn *t 
*2n *t 
*\n *y 
ay 3 = 
°ae AA S 
*o¢ et 
°4e *t 
°9¢ *0 
*Ss *t 
bt 3 *0 
*€¢ *t 
°2¢ *0 
*t¢e *t 
°a¢ oH) 
*o2 *t 
°e2 *t 
43N 43u 


MIN 


(w *s *€ *§ DHS gNows 


@L/01/8 


"e29tt 
*s29tt 
"e2oty 
"omits 
*OL901 
*¢0201 
*2226 
"ents 
*onee 
*99S9 
*202¢8 
“ened 
*stsz 
“mobs 
*1069 
*t9S9 
"129 
*S6l9 
*6209 
"tees 
*ntes 
*2ngs 
eaces 
"e0Is 
*onen 
13N 

CE ft 
*0fe9 
*OcoR 
*0f6@ 
*20S¢@ 
*n956 
*2old 
*enne 
*ettse 
*S649 
*een9 
*g619 
*4tes 
"3895 
"gots 
*4915 
*9S00 
*90ln 
*295n 
"Ofte 
"atin 
*€S2h 
*Stth 
*7eet 
"OTe 
*2.es¢ 
43N 


°el 
| 
°od 
*69 
134 


CE *t *¢ #6 DES asNOHg 


*Sd9 OL NOTLTSNVHL SNOIDSy 


29 
29 
°29 
*@eS 
*ns 
*tc 
*8h 
°Sh 
*2h 
*0n 
°Le 
*n¢€ 
*2¢ 
*0¢ 
*6e2 
*l2 
*92 
*s2 
G2 
*s2 
*Se2 
*ne 
*¢2 
22 
*te 
43N 
(¢ 42 *¢ 
tot 
tor 
tot 
*S6 
*oe 
°¢@ 
lk 
*24 
°49 
29 
°9s 
*€s 
“én 
*So 
“2h 
by 53 
*S¢ 
*2¢ 
bY 4 
*92 
22 
*n2 
*22 
*02 
*ot 
43Nn 


430 


‘gs J28 


0 


438 


43h 


(2 44 *€ 8s 22g dNOUs 


(n *¢ 6¢ 


43N 


*0 
iau 


*t 
w 3h 


Cp *t #2 *G DIS = ahOXD 


Viv °V9SHO/ON2/HOA °£0n 359 


eS 


ll i ca ti i 


*zect °0 
*zgct *0 
*.ect *e9 
*eact 99 
*tsct *$9 
“sees "eS 
*stct °2s 
*eaet at 
*ne2t *n2 
*tget °2t 
*sset “f 
*nn2t 4 
*ecet a) 
*n02t *¢ 
"sort °2n 
egtst egtt 
*enot sent 
*L66 °20t 
"one °0S 
*$06 *9t 
“99g °2 
*ot?e *0 
"ec. °0 
"C49 *0 
“329 *0 
43K 43a 
C2 93 $s eh Joe 
*t *0 
*% *o 
*s °0 
*s °0 
| *0 
*y °0 
*f *o 
“4 °0 
am | *0 
A | *0 
*t *0 
*% *0 
os *0 
*y *0 
“ft “0 
*% *0 
*% *0 
A | *0 
mh | *0 
*1 *o 
et *90 
*t *0 
*t *0 
*, *0 
“4s *0 
4aNn 438 


(£ #2 *€ 99 189 


390d 


°0 


M3N 
dnNoas 


"aget 
*e9Lt 
"eoLt 
"alt 
"aot 
"£291 
"2n9t 
*0295 
*6aSt 
*scst 
*s2st 
"Gent 
*annt 
*nint 
*Lort 
*S9o7t 
*eert 
“mol 
"onet 
*oott 
*ostt 
“tout 
aut 
"760 
*c90T 
L309 

Cs 4 


43N 
Ch St 


°0 

"0 

°0Ss 
*0g 
lp 
°8b 
°ss 
°€S 
°Sn 
°Qn 
"oS 
°99 
°on 
°oft 
°ss 
"06 


tre 
*Sot 


a) 
2 
*ts 
*62 
eit 
°S2 
22 
234 


*T $2 169 


438 


#9 Jn9 
@L/9t/S 


°0 


MIN 
Takel be) 


*¢ #6 1¢9 


“el 
MaN 


enoug 


*¢e 
"62 
*mL 
*69 
*ng 
°09 
*es 
°2s 
*on 
be] 
“In 


“seg 


“Le 
*st 
ne 
2 
°0¢ 
*42 
*S2 
43N 


(fot 


“99 
°99) 
°a9t 
*est 
°ost 
*2nt 
“stl 
e4et 
*02t 
°fhs 
*.0t 
*T0t 
#06 
*t6 
*@9 
ele 
*e2 
69 
°$9 
29 
°09 
°2s 
*¢s 
*0g 
°On 
43N 


(g 43 


*0 


438 
69 949 


a) 
°0 
*¢ 
*¢ 
“¢ 
°¢ 
wd 
°2 
*2 
we. 
ee 
°2 
od 
*e 
*t 
*t 
*t 
“3 
“tT 
*t 
“3% 
*t 
ees 
*t 
mis 


433 
*2 #9 )29 


*$d9 O1 NOTLISNWYL SNOTOSy TI “VOSWO/ON2/Y0A “80m 3609 


°0 
°9 
*p 
‘0 
*u 
°6 
°0 
*0 
°0 
*0 
*”0 
*0 
*0 
*0 
*0 
*6 
*v 
*u 
“6 
*0 
“0 
*0 
rd 
*n 
0 


434 
*€ *9 399 


*0 
°0 
°2 
*2 
*t 
bay 
*t 
*1 
°f 
*t 
*J 
°t 
*t 
*t 
*t 
*t 
*t 
“1 
*t 
o% 
*t 
2 | 
“1 
*t 
*0 


134 
*h *5 219 ofOND 


*1 
wan 


a © Fe oe Se ee ee 7. eS? eee 


ores °0 *u °Sot °0 °0 “9LE *0 *0 “ft °0 *9 “th *0 *6 2062 


ones *0 a) *Q@at *0 *0 OLE *0 °0 a) °0 om) “ee “6 a) $902 
"ona 401 “009 "OQoF *9 *R2 OLE *9 *92 “hn #3 °0 “ta *n “9 nord 
*96L2 e4ctt *009 "mee *yg *e2 "nse °9 *g2 *sS e1 *G "Sb *?h 9 bect 
*€209 Tet "248 *2S¢ -) "TE *2e¢ “4 "92 9 2! “0 °76 °n *4 eel 
"Zana 223 es "eee *9 292 etre "6 *s2 as “a a) “to *¢ *n Leol 
*4209 entt *LOs *zZ0¢ *9 *¢e *loe *sS "$2 eZ el °0 “Ub *¢ °q 9bal 
"0695 °Z0t "oun *aa2 a) *¢2 "tLe °S *22 °8 °9 °0 *48 “2 *S Sool 
"42s *66 *69n *tae 9 *Se nse ug *¢2 *@ pj °0 °Se tt | *¢ nobtl 
*LSon *26 “eff *2s2 *¢ *02 *9¢2 *¢ "02 °6 °0 *0 “19 *0 *t foot 
*O19n *98 “nin *$¢2 *9 *¢2 "ete or) "02 *6 *¢ * 26 *t9 “1 *s Cont 
*292n Lr-y 4 *9eh “ele *¢ *02 *¢0e cig "ot "at ** *0 "od *G “¢ boot 
"Sot *sd “cof *102 *9 02 "291 a) °gt “st tT °0 *9L *t *s oat 
*499¢ 19 "eet “et *¢ *ut "Cut *¢ *9t °ai *¢ a) "24 “0 *S 6Got 
*S2ne °29 *4tn "Cut *¢ *¢2 *09t *¢ "02 “ol ve °0 °49 “% *9 egol 
*OS0£ “4s *¢s2 °Est *¢ ent °Ent *¢ out “te on a) *20 *y *s ete t 

Par’ 2 eos "242 eer] *¢ 46 “orl *¢ °ot *22 ba § on ews | “2 823 
“road *on “ane tas *¢ *ni *22k *¢ eet *¢2 *t *0 °2@sg “1 *n Seot 
*S6te 40 sat *02t Ay "9 “ett *¢ *6 ene °2 *0 "on *4 *9 peel 
*sc22 °tn "Li "Sit °0 *9 “2400 *y CH) *92 *t °0 nn *G *¢ {vet 
*9¢te *ef *sf2 *out *¢ a *to8 *2 “at "22 “¢ °0 “hn *9 *9 2361 
*otot “et “eee 86 *¢ baa *t6 *¢ out °0¢ *o *0 *sft *0 *4 Igot 
*anlt *2e °391 *06 *0 *@ °¢e@ or *4 *ne *n °0 *n2 *0 "9 Oget 
*erot *oe *sstb *29 =¢ bal) "LL °2 “9 ef “2 *o *z22 °0 ‘eo 66 
*Zont ue °9S) OY *0 *9 “hs | *2 *0n °n *0 eat *0 °9Q eialt 
13N 138 man 13N 13y M3N 43N 43u man 13N 134 m3N 14N 434 “aN 0 
C2 *3 *s 92 208 aNueg (3 #t eg 44 Jos gNdsd C2 *t ¢2 #4 Jed Nays (€ 4g *T *£ JLe sNOUs (2 *2 *h *2 204 =GNOYD = =BVIA iH 
*ot *0 *0 “uit *0 *0 “0st *0 *0 “off °0 “6 “4a *0 *0 2002 N 
*ot *o *0 *Lyt °0 *0 °0St *0 *6 “ore °0 °0 49 *0 *0 $002 
"et *0 °0 “aut *f °9 *0S¢ *ot *02 “oft °0t *al 49 *n *0 2902 
“ot *0 *0 "out a) *9 "One "Or *o2 "Cee eos *ah *$9 °n “0 oot 
“et °0 *t "ett *¢ *sS "oct tt *02 *Lee m) °¢h °09 “tn *¢ e6et 
“gt *¢ a “tt *¢ *9 tae *tt *t2 *22¢ *6 *st ba *S °0 Loot 
“or “ty *t "ROT °¢ °s "Cre *6 eet “oF “th “st “94 *” *0 See! 
“et *0 *} ‘out *¢ *9 *10E UE *02 *2t¢e “ts *2t *<@ *s *o Soct 
“at *s cA! “gor *n *s "992 "Ss ent *90¢ *01 *si La) *n *0 neot 
"at “9 °0 "204 °¢€ *9 *o22 *s eat *to¢E “ol by a} * ho *s *0 f60! 
"at *t °¢ *66 °S Ay) *242 *S “nt “762 *eh “te 9% set *0 Zoot 
gt “1 *t "Lo ** *9 *¢02 *9 ot "992 ors °22 "et *23 *0 Toot 
°ot *0 *t *£o °n a) *"Se °9 eur *9L2 *01 *9I *u21 “nt *0 Oont 
“st *t *t "to *¢ *S *en2 “23 eat 212 *9 “th *neh *2t *0 abel 
*st *0 *0 "66 om) °9 *2en2 *n2 *92 °492 "eh na) "Ont *et *0 Wot 
*st °0 *t °18 *L *6 "ere “of *92 *192 ch one “not *@ 9 dant 
ent st °@ *66 “2 "ot *2n2 *6¢ “4g *0s2 “at *e2 *eut sul *6 oagt 
"et *t *t “29 *8 “ot “one *t¢ *o2 *ot2 “9h "ve *2e1 ear °6 sael 
*¢t *t *@ Ug *9 “OL *on2 *12 "22 *422 “st *e2 *2al *01 0 oGel 
eat “ft ey "az a) a } *Sne2 *9t sot *nle “gt “née -e02 am | *0 Laot 
*2t *0 et *eL *¢ "Ss *4n2 °2t eat *¢02 a) *ol *ste *@t *0 2eot 
“tt ul *t Oud *2 *¢ *Lre *9 *9 “fot “n *4 *1t2 *er or) Iget 
“tt °0 *t *0L “ts *2 *Ln2 “ot sot “06! *2 *4 *En2 *¢t *0 Oaat 
"ot *9 *9 "69 *2 °n “gre *2t 1% “Sel “2 “01 *9S2 *ol Oo oiet | 
"ot *0 oy “19 °2 °S *en2 “tt eyt "Lat “* *ts "Sle *¢2 *0 eel , 
13N 438 MIN 43N 134 MN 13N 434 MN 13N Lie “3N 13N 13m MN | 


(hb #2 #8 #2 SL gNOUs Ch *s ft #2 Dnd = dNous (ho *m #7 64 JEL aNdds (tr #2 *t #4 224 andes Se | wi dt4 NIKO aya | 
sf 39vd OL/Et/S *§d9 OL NOTLISNVHL SNOTOSY Tv “VS9WO/ON27HOA “LOH 2509 


ost 

“ost 

{ "ost 

| *2nk 

a *ngt 

i 428 

| "025 

‘ *ntt 

208 
*t0s 
*96 
*lo 

} *oR 

} *te 
"al 
Sz 
*69 
99 
*¢q 

| *2o 

| "09 

{ °4sS 

| °es 

1 "ts 

| “on 

| 13N 

} (2 on ¢¢ 

*001 

| “005 

| "00s 

*S6 

*06 

*s@ 

*0g 

"OL 

"2k 

*99 

*n9 

“ts 

by 5) 

*ns 

*t¢ 

“90 

“On 

‘on 

*2n 

' *Ih 

| *0n 

“at 

°9f 

*n¢ 

*2¢ 

43N 


9n 35d 


*t 
138 


man 


(t nm 'm *¢£ Se aNdus 


at 
"SE 
*n¢ 
°2¢ 
*o¢ 
*o2 
“Le 
*o2 
“nz 
*¢€2 
*22 
*t2 
*t2 
*02 
“oh 
“91 
“Li 
"91 
44N 
Cl ém «¢ 
“Rll 
“@LL 
"ake 
*oEL 
*eg9 
°nng 
PIS 
99S 
°ogs 
“fon 
“eon 
*Sen 
noe 
*L9¢ 
"ore 
°20¢ 
*te2 
*9S2 
*ot2 
*222 
*Ol2 
*2ot 
"eat 
"cot 
“int 
43N 
C2 St én 


*0 
*0 
“e 
“2 
0 
*t 
*t 
bs 
*t 
°0 
°0 
bls 
°0 
*t 
°0 
*0 
*0 
°0 
*y 
*0 
*0 
ot 
°0 
*0 
*0 
43a 
48 


°f 
4748 


“<4 Jn@ 


@L/et/S 


168 


M3N 
dnnas 


*ot 
"ot 
*ol 
*et 
by mn § 
9 
“ot 
“9% 
Sgt 
ont 
*nt 
“ct 
*¢t 
*2t 
set 
*2t 
set 
“¢t 
*¢ct 
ct 
°mt 
ent 
ent 
*nt 
ent 
13N 
(tT 9S *f 
not 
*n0t 
ros 
*66 
ne 
*ee 
“ne 
*ol 
°Sé2 
*tZ 
*L49 
"$9 
°09 
*9S 
*¢s 
"IS 
“On 
°ln 
°nn 
°én 
"In 
*o¢ 
*9F 
"net 
°2¢ 
143N 


(€ 9m *€ 42 YER BNOND 


*0 
*0 
*0 
*0 
*0 
*y 
*t 
*0 
*0 
°0 
*o 
*0 
*0 
om § 
I 
*t 
*2 
*t 
“ft 
*y 
*0 
*0 
*t 
*0 
*¢ 
134 
*e@ de8 

*0 


134 


MgN 


*¢d9 OL NOTALSNVHs SNOTO3y 


“lo 
*lo 
“Le 
*nbe 
*Te 
*68 
*98 
*ng 
"19g 
*0¢@ 
“ed 
°Sd 
"eZ 
*tZ 
*69 
°69 
*69 
"04 
*69 
*6a 
*69 
°69 
“69 
°99 
°69 
43N 
(bt én *t 
“ont 
*ont 
*ont 
°2nt 
“sett 
“Let 
*tet 
“ott 
90 
201 
*96 
*to 
98 
*t¢ 
“te 
*2z 
69 
°19 
°ng 
+29 
*09 
eis 
“ns 
*Is 
*8n 
L3N 


£38 


*@ 46 


*0 
*0 
3 
oe 
°2 
fh 
°2 


438 


“-. 
#3N 


(2 *» *s ¢£ 229 sfdss 


*sr2 
etree 
*tne 
*$22 
*602 
*fal 
ll -Y an 
*990; 
“mst 
“Int 
°Ogt 
“oll 
*601 
"a0T 
"2p 
“lq 
"SoZ 
“19 
*19 
“6s 
*ns 
°en 
"fn 
"Un 
*9¢ 
Lay 
Cb eh fn 
ele 
"e4e 
*2142 
"462 
*en2 
*a2e 
“912 
"noe 
*lol 
*0e1 
"Oat 
*99) 
"OST 
“lal 
"tcl 
*net 
"rit 
bb 
*20t 
*£0t 
*bb 
"he 
"2h 
*te 
“us 
Lan 
Ch eh 4¢ 


Viv “wS3WO/ON27UOA °£0n 3Sv9 


0 
*o 
*o 
*n 
"7 
7a, 
*$ 
*£ 
*£ 
“= 
°2 
°2 
3 
te. 
*2 
at | 
44 
*1 
*i 
°t 
1 
uci | 
e 
*o 
“1 
139 
“4 198 
0 
*0 
*h 
*n 
*s 
°n 
*h 
“ft 
*0 
*0 


138 
“24 218 


¥3N 
6éNhde9 


cvec 
12 
oco2 
666} 
abe! 
Loel 
Gout 
Soo! 
nool 
Loo! 
Zoo! 
bool 
Obel 
oret 
8Gel 
Laot 
F286! 
Scot 
ogel 
£36! 
236) 
taet 
Ose; 
olel 
@lel 


ayaa 
2002 
4902 
0902 
obel 
Boo; 
Lhot 
Soni 
See} 
Rbot 
fool 
2661 
leat 
Onet 
69e6r 
Beet 
Leet 
9g6} 
Sot 
beget 
fee! 
2eet 
Teel 
Ogel 
oie! 
viol 


evga 


| *92 °0 °0 "nee °0 °0 *@ot 


94 "0 *0 *ne2 *0 *0 HOt 
04 1} 9 *nee2 *o 02 ut 
"ta “1 *9 *992 °o he *401 
°99 or °S °2s2 a) 22 *re 
I | #29 *t *s 92 °*t *0e *2e 
P| °es *t *s *022 °o °el *te “4 vi 
\ °os "ty *$ °902 °o °ot *S4 *2 % Soot 
4 *0sS =i | °o “not °t °el °04 os *9 oot 
"40 *f or) *0gt *2 ont °$90 *1 *9 foo! 
3 “pp *t *y *99t *b #91 *00 “1 *9 Zoot 
ote “ts °p *9gt *2 °nt *ss *t *s Teel 
| ec *t °n *not °o *al *45 *1 *s Ooelt 
*Ss¢ “3 *¢ “Het *2 *23 *th st *s eel 
} ce Ou °b “net °2 *9ol *{n *t *9 eret 
*o¢ “1 *2 Ott °2 °9 °9¢ *t *b iget 
62 *0 *¢ ont °2 °2t *$¢ “0 *¢ 9965 
*92 *t °2 *M6 *2 °01 °2¢ *1 *p seet 
*s2 *y °2 °99 *2 °9 "a2 *0 “1 tees 
*o2 °0 Ors °2¢e °*6 °n "v2 “1 *¢ feet 
*22 °0 °2 °e4 °2 01 °92 °0 *¢ eee! 
*02 *0 °2 *04 °2 °9 *€2 *t *¢ Tegt 
*er °0 °2 *09 *0 °9 *42 *0 *2 Oget 
°9ot *0 *s °es °2 9 "ot “0 *y lot 
*st *0 *2 *0S °0 *p out “4 *¢ eLel 
43N 438 MQN 43N 428 MIN 13Nn 1348 “N 
(2 *t 4» *08)96 anos Ct 4S *m 80846 snows (2 2 *€ *01)96 gNowg aad 
*900 0 °0 *0 °0f *0 %9 *1S *0 *0 *he *0 *0 nn *0 *0 2002 
°906 *0 *0 *0¢ *0 °0 *1S *0 "0 “0d *0 *0 *on a) *0 1002 
*900 *9t °09 *o¢ °0 °2 ts *t °t 0d *2 °o *no *t *¢ 0002 
*sSe 9S *69 *e2 *0 *2 *On *s *n 24 *2 *o *2h *, °¢ eee! 
*209 °gt °99q °92 *t °2 *6b Le | °n *04 *2 °$ *ur *2 °¢ woot 
“392 *nt °19 *s2 *0 *2 "2h *t *€ *29 *2 *s *of °2 *¢ Loe! 
704 eet °@s *€2 *0 °2 °On ox °¢ aT) °2 °n "ef *0 °2 9663 
*0S9 eat °os *te °0 *t *e¢ *t *¢ "29 bx 4 °sS *9f “4 *2 Sool 
“219 et °Ss 02 °0 °2 °9¢ oy *¢ “6S a) so *sf *0 *2 neot 
*€“s *ot °tS *9I *0 it °ne *t *¢ *9S ot J 4 *e¢ *0 °s foot 
*2Es *ot *on *Lt *0 at *2¢ Ns *¢ *ss “0 me *e¢ *t “4 2661 
“non "6 *Se *at *0 Oi *0¢ *t °2 *¢s *0 *¢ °e¢ a) *2 toot 
*9Sn *6 *2p *St *0 *t "62 *s °2 °0S *t *2 *0¢ *t “1 Oset 
*S2n Lr) “ve °mt *0 *t °92 *0 °2 “on fn *s *0¢ *t *2 vol 
"Sot o% *0S “es *0 *t *92 *0 °¢ °9n °9 *4 *o2 *n *n eagt 
*2se bit! *o2 °2t *0 *y *¢2 *0 *2 *L0 *6 *9 "02 a) *¢ Lael 
*Ofe °9 °9f "Is *0 *t *t2 *0 *2 °0S *@ *9 °0€ *9 *n 9n6t 
*O0¢ *s *e2 °04 *0 *t "ot *0 *2 *2@s oe °9 “ef *s *n Seet 
*LL2 *s *02 "6 *0 a} “ut *0 *t *¢€s “9 *n “af *¢ *2 noel 
*292 *s *02 "9 *0 *0 *ot *0 *t *s$s *a *¢ *n¢ *¢ *2 fee} 
*Ln2 °s *42 a) *0 =f *st *0 *% °9S *¢ “| *S¢ *2 “1 2061 
*S22 °n *22 ey *0 “1 nt *0 °2 *@s *2 2 °9¢ *t *y beat 
*202 °¢ “et *9 *0 *t *2t *0 ot *9s “2 °2 *9¢ *2 *2 Ovel 
*zet a) *et *s *0 °s ont *0 *y °es *¢ *2 °9F *2 oy bet 
“Ent *¢ “os ot) *0 *0 *ot *0 “ty *os *¢ °2 *L¢ 2 2 e@lel 
13N 438 man 13N 134 M3N 13N 43a M3N 43N 438 MIN 13N 134% aN 


(2 43 8€ 601)Ss6 dnous Cb 4b *€ *03)mMe = anoUd (2 °t *2 b08)¢6 aNhodg (t én *S ¢6 226 dnnas Ch 4h *f 86 2TH) a@NdND gvga 
an 6 6390d @L7et/S gad OL NOTAISNVYL SNOTO3Y TIV¥ °VOSWO/ON27HOA *£0r 3Sv9 


NSE Pages 48-50: User-System Purchase Summary 


The user-system purchase summary describes the user's reac- 
tion to the FAA implementation/operating schedules. These data 
are based entirely on NSE model user input; no nominal data exists, 
nor are the purchase strategies automatically derived. 


The purchase strategy, for any given group, is defined by 
the first and last years that new aircraft buy the system and the 
first and last years that existing aircraft transition to the new 
system. The purchase summary lists these data for each group. 
Generally, the purchase data is a direct result of the region 
combination. Thus, in addition to identifying the group index, 
the purchase summary identifies the region combination via zeroes 
and ones in the columns immediately following the group index (the 
column labels for these columns are designed to be read vertically). 
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NSE Pages 51-52: Avionics Equippage, Component and Configuration 
ummary 


Pages 51 and 52 present the avionics equippage, component 
and configuration data. For each system, each avionics "component" 
is identified (numbered 1 through 10). Associated with each com- 
ponent-is its current (1977) price, the applicable volume discount 
coefficient, the annual recurring cost and number of prior sales 
value. On the right side of each page, the composition of each 
“avionics category," in terms of the components (units) is iden- 
tified. For example, a user in Avionics Category 5 (intermediate 
cost GA RNAV) who buys VOR equipment (a VOR "package') is presumed 
to buy dual VOR-B units, a DME-B unit and an RNAV-B unit. 
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NSE Page 53-54: Avionics Package Data 


Pages 53 and 54 summarize the avionics data in terms of avi- 
onics packages, rather than by component. For each system and 
each avionics category, the current price, recurring cost (main- 
tenance), lifetime and installation costs are presented. The 
package price and recurring costs are computed by the model based 
on the component and equippage data of the preceding pages. The 
lifetime and installation costs are keyed to the avionics packages/ 
categories, not their components. 


“AISNCANVIWWIS 3HIdKk3 


000° 
000° 
000° 
0u0° 
000° 
000° 
000° 
0ou° 
000° 
000° 


009° 
000° 
000° 
Ouv6® 
000° 
oou° 
000° 
000° 
0ov° 
000° 


0G0° 
000° 
000° 
600° 
0v0°® 
600° 
000° 
0u0° 
000° 
000° 


Cal geOud3a) 
4809 “V1visnt 


000° 
000° 
000° 
000° 
000° 
coo° 
900° 
Ono? 
000° 
000° 


600° 
00° 
ono? 
O0u* 
000% 
000° 
000° 
onu° 
dou? 
000° 


000° 
000° 
ou0® 
000° 
ooo0° 
000° 
000° 
000° 
onoe 
000° 


(OV m9N) 
4805 *T1vLSNI 


@L/et/S 


1SAW SIINOTAY O3NIVANOD 4738 


ngeese 
ne2°se 
nferse 
nge*se 
Ols°e2 
aLe*st 
ert tol 
on9o°nt 
gtnegt 
e02°9 


nge*se 
ngerse 
nrerse 
ngeest 
Otu*2e2 
niu*st 
e7t°el 
Sr9ent 
9tnest 
ecL°9 


98° 
afre’sa2 
wtu°ce 
wtv°ie 
nes*te 
B61°6 
QgSeut 
L06°S 
066°2 
sens 


33lde 936 


QwIi33I4 1809 °33u °NNy 4N3daND 440993 


C 246% ) Suvit0@ 40 gaNvSNONs NI $1809 Vv 


AMVWWNS VLiVO SIINOTAY 


*6d9 O1 NOTALISNVYL SNOTO3Y VWIV¥ SVIIWO/ON2/HOA °E0M 3609 


AYNG JV 
V3A31 S41 3 
IAF BST OV 
V3A37 S4I 4V 
vd 1899 w9IH 
y9 4899 *lnt 
v9 18039 H9IH 
v9 14809 cinI 
v9 4809 401 

Baa 


AYNa 3V 
V3A91 es? JV 
V3A97 aad dv 
V3A37 as! JV 
79 1§09 ROIH 
¥9 189) “INT 
v9 1803 HOIH 
v9 LSN3 “int 

v9) 2809 #01 
ugh 


A¥Na 1¥ 
V9A37 Bal OV 
V3A97 BST OV 
W943 B3sI AV 
y9 1803 HOT 
v9 1803 °inI 
v9 1893 49TH 
v9 1803 °int 

v9 4803 401 
aah 


dvd SIINOTAY 


GQwv SOA “HUA OL WINS 49S ST GwTL2945T7 GInNTvinnd 3735S *310N 


3eNISO1 
3°8 7907 
3-Nvd01 
329907 
9eN7g017 
gen7e91 


qe% 


7407 


deNv4OT 
2-407 
2=Nv807 


\93 
nod 
n2 
NOI 
nn2 
nn. 
nna 
“2 
NOD 
and 


3138 
4738 
3138 
3138S 
4138 
3738S 
3138 
3173S 
473s 
4138 


ynA 
BOA 
DOA 
4OA 
BOA 
una 
YCA 
SCA 
MOA 
YOA 


waiSig 


9S 39Vd 


000° 
000° 
000° 
000° 
000° 
000° 
000° 
000° 
000° 
000° 


000° 
000° 
000° 
000° 
000° 
000° 
000° 
000° 
000° 
000° 


000° 
000° 
000° 
000° 
000° 
000° 
000° 
000° 
000° 
000° 


(43 9°0413u) 
4809 °VIvisnt 


000° 
000° 
000° 
000° 
000° 
000° 
ono? 
004° 
000° 
000° 


000° 
000° 
000° 
000° 
000° 
000° 
000° 
000° 
000° 
000° 


000° 
oao° 
000° 
000° 
000° 
000° 
000° 
000° 
000° 
000° 


(ov M9N) 
4809 °TV1VISNI 


9L/95/S 


ooE°sht 
ooe*stt 
O9f°Stt 
ogg*st 
n26°OS 
gone 
eob°2an 
scorit 
299°82 
tekeot 


000°2 
00u0%e 
oovuce2 
000°2 
e29°1 
ecs*t 
OaS?st 
9ts*s 
o0Ss*t 
asz° 


ngers¢e 
neerse 
nge*st 
nge°st 
oleree 
pe°st 
ent°olt 
Snoe°nt 
otne¢t 
g02°9 


331ud 9NId 


inauang 


3wla3sT1 480) °33u4 °NNy Aw093 


€ £263 ) SBVTIOG 40 SONYSNOHL NI $1603 TIy 
ABVHWNS VIVO SIINOTAY 


°8d9 01 NOTLISNVHL SNOTOSy Tv “vVOIWO/ON27UOA °£0n a8v9 


AYNY 3 
13077 B31 DV 
V3A39 st OV 
¥3A397 Bal Ov 
¥9 16995 HOIH 
v9 1809 *InT 
79 16869 4TH 
vo 1809 “Linz 

v5 41803 mot 
uaa 


AWNa 3Y 
V9A97 BsT JV 
V3A31 d3I SV 
VAAI1 BsI SV 
v9 L$N3 w9IH 
v9 148032 "iNT 
v9 1809 H9IH 
v9 1809 °1iNI 

v9 1609 ~01 
aa 


ANY OV 
V9A37 asT 3Y 
9A asl OV 
V9AF1 st OV 
v9 1809 wOTH 
v9 1803 “inl 
v9 1603 H9IH 
v9 1809 *int 

79 1802 401 
ua 


1¥3 SIINOTAY 


¥93K0 
y93w9 
v9 3WO0 
v5awo 
v93wd 
v93n0 
¥9309 
V93ar0 
v¥93K0 
v93n0 


W321SAS 


NSE Pages 55-60: Number of Packages Purchased 


The output of the number of packages purchased is the first 
set of user "results.'"' All preceding user data was based directly 
on the model's nominal data and the NSE model user inputs. The 
output on pages 55-60 reflects the results of processing avionics 
age distributions, purchase/transition schedules, etc., to identify 
the number of units purchased. This is done as the first step in 
the processing so that the avionics prices can be determined (the 
prices are a function of the cumulative purchase volume of each 
of the specified avionics components). 
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NSE Pages 61-66: Package Prices 


The package prices output presents the price of each avionics 
package by avionics class, system type and year. These prices 
reflect the results of volume discount, inflation and technology 


cost reductions as applied to the components which make up a given 
avionics package. 


i One page is presented for each system. Asterisks are used 
to indicate that no units were purchased in a given year. 
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NSE Pages 67-164: Short User Output 


Pages 67 through 164 present the "short user output." This 
output can be obtained for a variety of user output groupings. 
For the run presented here, the short user output was requested 
for each of the 98 population groups (one page each). Aggregated 
output can also be obtained by user type, by region combination, 
by avionics category, by aircraft type, or any cross products 
thereof. Generally, model results are obtained by user type, 
or user type/region combination. 


The short user ouptut presents, by year, the user group pop- 
ulation, the number of avionics packages purchased and "carried" 
(packages carried are those that were neither purchased nor 
retired in a given year) and all expense data. The cash outlay 
column reflects the after tax cash outlay; i.e., the effects of 
investment tax credit and tax bracket are included. Thus, the 
cash cutlay column is not necessarily the sum of the preceding 
columns. 


A "detailed user output" is also available (not shown). 

This consists of six pages of data per output group, and provides 
all back-up for the user costs; i.e., how many packages were 
purchased by new aircraft and existing aircraft, whether the 
packages were of theoriginal type or new systems, how many pack- 
ages were retired and/or expired, etc. 
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Independent of the output grouping selected, a short output 
summary can be obtained. This is a sum over all 98 groups, of 
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NSE Pages 166-172: Combined FAA User Expenses 


Lastly, the NSE provides combined FAA/user results. The 
format is self-explanatory; it consists of the final three summary 
columns of the user results, of the FAA results, followed by 
three columns presenting their respective sums. 


Page 166 provides these results based upon the user input 
discount rate (in this case, 10%). Automatic "looping" on the 
discount rate values is easily accomplished and these results are 
therefore also provided. Pages 167-172 present corrolary results 
for discount rates from 0 to 10%, in increments of 2%. Of inter- 
est is the 0% page (167), as these results are equivalent to 
total cash outlay data. 
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